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ON THE PATHOGENESIS OF NEURONAL LESIONS 
IN VIRAL ENCEPHALOMYELITIDES 


C. pE CHENAR* 


Introduction 


This study is an attempt to interpret phenomena in the patho- 
genesis of viral encephalomyelitides on the basis of recent ad- 
vances in collateral fields and on an analysis of the material 
which was worked up in collaboration with Dr. W. Haymaker, 
in the chapter “Pathology of Viral Disease in Man . . .” of the 
book “Viral Encephalitis.” (9) 

During the four decades which elapsed since the cornerstone 
of our morphological knowledge concerning viral encephalitis 
had been laid down by von Ecénomo, a multidimensional prog- 
ress developed in areas which overlap in the study of viruses. The 
achievements of submicroscopic morphology, through the elec- 
tron microscope, are supported and widened by biochemical data 
which, at present, suggest a biochemical immunological approach 
to the problems of the pathogenesis of lesions of the nervous sys- 
tem in viral encephalomyelitides. 

The chemical composition of viruses is a decisive factor for 
their basic conditions of life, just as much as their elective af- 
finity to certain species, organs, cells or cytotopographical struc- 
tures. Their essential components are the virus proteins and 
ribonucleic acids. The latter group represents the genetic spe- 
cificity of a virus and it is responsible for the continuation of a 
homologous structural pattern throughout new generations. 

Burnet, (3) in his study on the influenza virus, summarizes 
information about the life cycle of viruses. Each type of virus 
has its own structure, protein molecules over its surface, with 
lipoid and mucoprotein molecules in between, and, in addition, 
ribonucleic acid. Upon invasion of the host cell, the virus loses 
its individuality. Its ribonucleic acid interferes with the syn- 
thetic mechanism of the cell. First, the virus ribonucleic acid and 
the virus protein separately materialize beneath the surface. 
Next, the ribonucleic acid assumes its characteristic arrangement 
on the possible smallest surface of a sphere, joined by virus pro- 
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tein molecules and by lipoid and carbohydrate molecules selected 
for the purpose from cellular components. Particularly important 
is this fact: ““When an infectious virus particle makes contact 
with a susceptible cell, the specially patterned proteins on its 
surface become attached to the mucoprotein of the cell. Then the 
virus sinks into the cell and there it unfolds itself in a way which 
destroys its individuality as an identifiable virus particle but 
allows the vital carriers of that individuality, its ribonucleic acid, 
to make contact with the synthetic mechanism of the cell. The 
newly formed protein and ribonucleic acid are built to the virus 
pattern instead of the host pattern.” 

Pathogenesis of Lesions of the Nervous System: The interrela- 
tion of encephalitogenic viruses and the central nervous system 
will be approached here through the interpretation of the prin- 
ciples of pathoclisis. The pathogenetic interaction of the viral 
and human principles, processes different in both physiochemical 
and physiological ways, could be compared to periodical waves 
in linear interference where the frequency and amplitude, or 
qualitative and quantitative characteristics of the two compo- 
nents, will determine the resulting derivative. The new entity is 
identical with or similar to the invading virus. The constellation 
of ribonucleic acid and protein, “factors” in virus reproduction, 
in their specific affinity to a definite type of host mucoprotein, 
lipoid and carbohydrate, which might be defined as “co-factors” 
in virus reproduction, represent the material substratum of patho- 
clisis in the pathogenesis of viral diseases. 

The cellular surface membrane, as well as cystoplasmic and 
nuclear constituents, contribute as co-factors to virus reproduc- 
tion, each of them in a specific way. The formation of new con- 
glomerates of factors and co-factors is a process of vital impor- 
tance for both participants. The immune biological interference 
between them is responsible for the result of their essential union. 
The viral invasion, by disrupting the intracellular biological bal- 
ance, triggers a defensive reaction in the cell. This reaction might 
be acute, as in most types of viral encephalomyelitis, or chronic, 
as in the epidemic encephalitis A. It invades the carriers of life 
within the invaded cell or organism, therefore, the reaction is 
aimed either to neutralize and eliminate, or to inactivate and 
quasi isolate the virus. 

All this, in terms of viral encephalomyelitis, means that the 
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viral factors have only one resonant source of host co-factors in 
the nervous system, i.e., cells which contain the latter chemical 
compound, Given in the chemical structure of the factors is, in 
most instances, the specific limitation of parenchymal or stro- 
matic constituents which supply the co-factors. This way, the 
initial link in the chain of pathogenesis is formed and will be fol- 
lowed by more and more complicated ones, by involving the 
cellular enzyme systems. 

Further steps in the development include reparatory processes 
in the damaged cells, but rather more intensely a spreading of 
the defensive reaction into other tissue elements, including those 
which are to remove infiltrating toxic products and remnants of 
fatally injured cells, as far as a local reaction goes, besides the 
production of immune bodies on both local and generalized level. 

In the consecutive materialization of the chain of reactions, 
every section of the invaded cells might participate. At present, 
however, it cannot be seen clearly enough, where is the line of 
division between successive alterations in the histochemical 
structure and the physiochemical reactiveness of the neuronal 
cell membrane against the paralyzing or inactivating action upon 
cytoplasmic and nuclear enzymes. 

It is a fact that cellular anoxia caused by transient vasoparesis 
during the postconvulsive period of epileptoid seizures is able to 
provoke parenchymal damage similar to that which occurs in 
encephalitis. This process involves one enzyme system only. 

The types of morphologically traceable reactions of the neuro- 
parenchyma represent limited patterns only, their variations, 
therefore, make an analysis of the changes in a given case im- 
mensely difficult. Even considering the unknowns in the bio- 
physicochemical constitution of the neuron as such, there is some 
difference between phylo- or ontogenetically, morphologically, 
functionally and regionally diverse elements and constellations 
of the neuroparenchyma. This concept might be filtrated into 
one term: “chemoarchitectonics” of the cerebral cortex, sub- 
cortical ganglia, pontine and medullary gray substance, as well 
as peripheral ganglia, besides the myelinated and non-myelinated 
fibers. This way, the chemoarchitectonical specificity of such 
entities, as the carrier of co-factors in virus-host reactions, might 
offer the key to a classification of viral encephalitides. Accord- 
ingly, it might disclose systematic correlations between adjacent 
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or distant areas of the nervous system, provided that those simi- 
larly participate in a certain pathological process. This is, as an 
example, the case in poliomyelitis. 

Experimental knowledge about the pathogenesis of poliomye- 
litis in the chick embryo is far advanced. (11) The virus pro- 
liferates and initiates a viremia. From the blood, it enters di- 
rectly into the nervous system at many widely scattered points 
where it multiplies, produces lesions and supplements the pre- 
existing level of viremia. The distinct and consistent pattern of 
lesions. which is not influenced by the route of inoculation, must 
be attributed to a greater susceptibility of neurons, or to some 
localized difference in the blood-brain barrier in the areas in- 
volved. Spreading along axis cylinders is relatively unimportant, 
and along the sympathetic nerves, rather improbable. In the 
most severely affected embryos, an occasionally degenerating 
neuron occurs in the ganglia of the sympathetic chain, but none 
in the celiac ganglion. 

The participation of the blood-brain barrier in the pathogenesis 
is significant. This is, to a certain extent, permeable to particulate 
matter, e.g., proteins of varying molecular size, or, viruses. Pro- 
tein molecules either per se or by causing an ionic and osmotic 
imbalance, might lead to allergic-hyperergic inflammations 
which, however, in most cases, tend to come to an end as soon as 
the incorporation of the antigenic substance is discontinued. Live 
noxae and their toxins, on the contrary, tend to maintain and 
aggravate the reaction. 

The substratum of primary contact between virus and neuro- 
parenchyma is the perivascular and subarachnoidal space. The 
vascular reaction is a measure of the immediate anaphylactic re- 
sponse,(13) concerning the relation of encephalitogenic agents 
to the nervous system. The perivascular exudate, with all of its 
components, is of decisive weight. In the perivascular spaces, in- 


cluding the periphery of the adventitia of the capillary endo- 
thelium as a surface of reactions, mesenchymal elements of low 


differentiation predominate, Pathogenic agents of various quality 
might cause these elements to react in a variety of possible pat- 
terns, depending upon the qualitative and quantitative charac- 
teristics of the agent, First, serous and cellular exudation results, 
which mirrors a local response to the antigen, This response will 
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be followed by an antigen-antibody reaction, involving both local 
and generalized reticuloendothelial or reticulohistiocytic defense. 

The reactivity of primitive mesenchymal derivatives is wide 
and manifold. In the case of the present subject, every type of 
virus has a non-specific histiotropic influence which puts the 
above mechanism into action. The endothelial and adventitial 
cells begin to proliferate, plasmocytes, histiocytes and macro- 
phages develop, in addition to hematogenous lymphoid elements 
which infiltrate the affected area. Leukocytic infiltration is rather 
the exception, as for example in poliomyelitis, in the anterior 
horns of the spinal cord. Here, a direct or indirect leukocytic re- 
sponse develops, due to a leukocytotropic toxin as such. In the 
case of Japanese B encephalitis, hematogenous invasive cells ap- 
pear. Those coming through capillaries are different in morpho- 
logical details from those coming through wider channels and 
remaining in the Virchow-Robin spaces. 

Furthermore, as the local reaction gains in amplitude. glial 
elements enter the scene. Whether there is an independent, pre- 
formed, constituent in the viral noxa or a subsequent derivative 
of the interaction between the noxa and the affected parenchy- 
mal, stromatic or humoral substances, the result is that a glio- 
tropic antigenic material arises. The participation of microglia 
is common in all types of viral encephalitis, at least during the 
initial period. The highly sensitive oligodendroglia is rather 
rapidly destroyed. The astroglia, in turn, appears in advanced 
stages, particularly in the reparative processes of poliomyelitis 
and encephalitis B. The destruction of glial elements is of severe 
effect upon the neuroparenchyma. 

The neurotropic toxin of encephalitogenic viruses plays the 


“cc 


key réle in the “factor-co-factor interrelation.” As the invading 


virus molecules continue to reproduce by selectively exhausting 


those submicroscopic particles to which the vital dynamics of the 


neuron is attached, after the point of no return has been passed, 
the functional mosaic of intracellular enzymes cannot be rear 
ranged, Per analogiam of the autolytic enzymes responsible for 
necrotic destruction, one might presume that in the invaded 
neuron cells, preformed, pro-enzymatic structures become acti 

vated either by a viro-pro-enzymatic or by an inter-pro-enzy 

matic fusion, activated by a pro-enzymotropic factor of the virus 
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Another specific action of the virus is to cause the construction 
of specific immune globulins out of preformed intracellular com- 
ponents. This reaction is always characteristic of a certain virus 
and of the substratum of its existence, the cell of specific affinity. 
The immune bodies are originally produced for specific defense, 
however, they might have other ways to influence the organism. 
An example is the influenza virus which, if cultivated in the 
chorion-allantois of chicken embryos, changes the fluid into a 
hemagglutinating medium for the same species. In a similar way, 
in the pathogenesis of viral encephalitis, there might be an ap- 
parently non-specific influence upon chemoarchitectonical enti- 
ties of the nervous system, not directly involved in the virus-host 
interrelation, which is essential to the maintenance of the virus. 

Upon the invasion by the virus, the substratum might synthe- 
tize new molecules, “‘virogenic” substances which either precipi- 
tate in the form of inclusion bodies, an apparently non-specific 
product, or remain in dispersed formation. In the latter case, no 
inclusion bodies are found. 

When a virus enters a nerve cell, this will be damaged in two 
ways, directly and indirectly. In tissue cultures, the virus of 
poliomyelitis enters the cytoplasm but not the nucleus, and the 
nucleus suffers subsequently. This means that within one single 
chemoarchitectonical entity, within one single cell belonging to 
it, there are cytotopographical areas which support the virus in 
its direct attack, while others suffer indirectly. 

One focus of the direct deleterious action is the intracellular 
enzyme system. The reaction of viral factor and cellular co-factor 
retards the activity of respiratory enzymes, thereby it induces 
cellular hypoxidosis, besides causing dysfunction of metabolic 
enzymes. 

It is difficult to trace down elementary functions, or to dif- 
ferentiate sequelae of alterations in the structure of the cell mem- 
brane from those of blocked enzymes or even multiple dysfunc- 
tions. 

Toward the end of virus-neuron reaction, just as in other 


pathological processes, neuronophagia gradually appears. Its in- 


tensity in viral diseases is not uniform. In morbid conditions 
which eo ipso terminate in disintegration of neurons, there seems 
to be an interaction between the endogenic or exogenic noxa and 
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corresponding cellular constituents, which yield a ‘“neurophago- 
tropic” substance. This, eventually, has a characteristic qualita- 
tive and quantitative activating influence upon glial or non-dif- 
ferentiated mesenchymal elements. In addition to microglia, 
oligodendrocytes also participate in neurophagia, in cases of neu- 
ronal necrosis as in poliomyelitis. They appear in a characteristic 
ameboid form. 

Another activating influence of the viral noxa upon mesenchy- 
mal derivatives affects primitive arachnoidal cells just as well as 
vascular ones and causes them to develop into histiocytes and a 
variety of macrophages. In meningeal exudates, these might be 
differentiated from lymphocytes. The primitive mesenchymal 
cells, in vascular structures or elsewhere. have a potential ability 
for differentiation, if and when a qualitatively specific and 
quantitatively sufficient impulse is given. This reaction may be 
either immediate or delayed. 

In personal communication, Prof. R. H. Rigdon* of Galveston 
described the action of methylcholanthren upon lymphocytes in 
the subcutis of chicken, as the subject of his research project. This 
chemical, if properly applied to the skin, after a latency of 6 to 
18 months, causes the lymphocytes to aggregate in groups, and 
to differentiate, after a series of intermediary stages, into mes- 
enchymal tumors. This fact, along its line, appears to confirm 
the above conclusions. 

In some virus diseases, histiocytes are far more common in 
central nervous system sections than lymphocytes. and the re- 
verse holds in other virus infections. This again, indicates that the 
specific nature of the reaction against the noxa is primarily de- 
termined by the chemical composition of the virus. particularly 
its ribonucleic acids and proteins. The presence of macrophages 
and mast cells, in some cases, signifies a further arborization of 
viral pathogenesis. 

Besides the cellular reaction against viral noxae, the perivascu- 
lar and interstitial edema has to be considered. This is more pro- 
nounced in the early stages of cases, with highly increased protein 
levels and gradual penetration of corpuscular elements. The 
inflammatory edema is important as the field of essential im 
munological reactions, however, its distribution and intensity 
are not constant even in a single case. There must be a certain 
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“locus minoris resistentiae” where the accumulation of virogenic 
substances provokes the development of edema of various extent 
and intensity. 

At this point, the problem of “inflammatory” cells moves into 
the focus of interest. Throughout the divergent fields of viral 
encephalomyelitides, besides the primary reaction between virus 
and neuron as a substratum, a parallel stimulating factor for 
mesenchymal and glial elements manifests itself, first in vascular 
structures. An analysis of the etiologically different types might 
settle the réle of blood stream and adventitial elements in the in- 
itial stage of the inflammation, as well as the gradual involve- 
ment of glial elements, as the pathological process advances. 
Mesenchymal cells predominate first in building up the primary 
reaction against the viral noxa. Their occurrence in areas where 
no neuronal disintegration ensues, might indicate that they 
neutralize the invading substance, or that this substance under- 
goes disintegration in such chemoarchitectonical fields where 
the indispensable co-factors for virus reproduction are not in- 
corporated in the neurons. 

The latter interpretation of adverse biological constellations 
logically leads to a division of the nervous system into two cate- 
gories, for practical purposes: (A) “Positive chemoarchitectonic 
areas” with reference to virus supporting co-factors, which are 
present and offer the specific substratum of virus reproduction, 
and, (B) “Negative chemoarchitectonic areas” of the opposite 
nature where no fertile medium is available for the virus, there- 
fore, it cannot and does not attach itself to those. The above theo- 
retical subdivisions, evidently, are not congruent with anatomical 
regions of the nervous system. 

Returning to the mesenchymal inflammatory cells, their oc- 
currence means that the fundamental responsibility of prompt 
defense is resting upon them. Rod cells, wherever they arise 


from, appear somewhat later, when chemical products of the ad- 


vancing inflammation accumulate, The more or less homologous 
principles in the development of inflammatory processes appar- 
ently shows that the mesenchymal elements, cellular and chem- 
ical, as in the inflammatory edema and exudate, tend to handle 
the entire defensive reaction without substantial intervention of 
ectodermal glial cells. 

There is, however, a transitional territory where the cells of 
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the different germ layers seem to be overlapping. This is the 
microglia. Those who postulate its neuroectodermal origin be- 
lieve that, at this point, an ectodermal participation takes place. 
On the other hand, the acceptance of the concept of micro- 
mesoglia, for the cells of del Rio Hortega, limits the participation 
of defensive elements to mesenchymal derivatives. Consequently. 
the formation of rod cells remains within this limit, contrary to 
Cajal who supported the idea of ectodermal origin of microglia. 

Subdifferentiated, angiogenic, cells in the adventitial and peri- 
vascular spaces might be regarded as “pro-microglia”’ cells which 
maintain the physiological microglia population. They may take, 
for their further differentiation, one way or another, depending 
upon the medium they are in. 

The astrocytes come into action as soon as the mechanism of 
inflammation provides a specific stimulus for them. They under- 
go hypertrophy as a result of exposure to edema fluid. They pro- 
liferate, per analogiam of neuronal destruction in vascular dis- 
turbances or degenerative diseases, when cicatrization begins. 

The participation of oligodendroglia and the formation of 
myelin damage appear to go parallel. In case of herpes simplex 
encephalitis, regardless whether death ensued in a fulminant 
course of four days or after twenty days, there are multiple zones 
of severe myelin destruction, along vascular arborizations. As the 
oligodendroglia is a responsible factor for the condition of myelin 
sheaths, and because it shows the lowest degree of vitality and re- 
sistance among all the cells in the central nervous system, it is 
evident that its destruction does lead to characteristic myelin 
damage. Within the oligondendromyelin complex, due to the 
interdependent réle of the participants, it is not clear which one 
initiates a pathological process and which one changes in a 
secondary way (13). 

Furthermore, the virus of herpes simplex has a specific affinity 
toward oligodendroglia, as it causes the formation of inclusion 
bodies in it. Therefore, a complex situation arises, in the succes- 


sive steps in the pathogenesis of this disease. This case indicates 
that the viral factors of herpes simplex encephalitis are not lim 


ited exclusively to neurons, in finding their cofactors. The chemo 
architectonical substratum of this encephalitis extends beyond 
the neuroparenchyma into another derivative of the primitive 
medullary epithelium, 
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The pathophysiological réle of the oligodendroglia was believed 
to be rather well understood on the basis of del Rio Hortega’s 
classical concept on the relation of these cells to the formation 
of myelin. Recently, however, the fundamental research of Hild 
(10) has considerably modified our knowledge about this. In his 
studies on explants, he did not find any readily identifiable oligo- 
dendrocytes in the vicinity of areas where myelination was in 
progress. How far this disclosure will change the up to now at- 
tributed réle of oligodendrocytes in demyelinating processes, 
depends upon further investigation. 

The last chapter of viral encephalomyelitides deals with the 
involvement of the peripheral nervous system. In this respect, 
the present information is rather incomplete, as well as that con- 
cerning viral polyneuritis, except in cases of Tsutsugamushi fever 
and St. Louis encephalitis (7). It might be presumed, on the basis 
of evidence available, that the disease process of virus enceph- 
alomyelitis has wide territorial extensions within the entire 
nervous system. Encephalitis and polyneuritis might be just 
different localizations of the same pathological process (6). 


Findings in Viral Encephalomyelitides 


Encephalitis epidemica (lethargica) A. 


Localization: The focus is in the brain stem, mainly in the 
zona compacta of the substantia nigra, and in the basal ganglia. 
Occasionally, the spinal cord, centrum semiovale and the pallium 
are involved, rarely the periaquaeductal nuclei and the hypo- 
thalamus. 

Infiltration: Perivascular “cuffings” of lymphocytes, plasma 
cells, fibroblasts and occasionally leukocytes, mainly in the Vir- 
chow-Robin spaces. 

Neuronal changes: Rapid disintegration of neuron cells. In the 
substantia nigra, melanin granules are freely scattered around. 
Chromatolysis is predominant. 

Inclusion bodies: None. 

Glial reaction: Proliferation of microglia, “nodules” and, 
oligodendroglia. 

Meningeal reaction: Mild lymphocytic infiltration of the 
leptomeninges. 

Special characteristics: Late manifestations appear several 
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years after the acute stage. In Parkinsonism, there are still 
lymphocytic infiltrations. The pathogenesis might depend upon 
either a progressive degenerative process or a chemical transfor- 
mation caused by the virus (17). Most plausible is the presump- 
tion that this disease is a chronic viral infection. There are an- 
alogus viral infections in both plant and animal organisms (17). 


Japanese Encephalitis B. 


Localization: The entire cortex, incl. insula Reilii; thalamus. 
basal ganglia, substantia nigra, pontomedullary nuclei, as n. 
olivaris, n. dentatus; cerebellar cortex and spinal cord, par- 
ticularly anterior horn cells (16, 19, 22). 

Infiltration: In both white and gray substance, perivascular 
accumulation of lymphocytes, plasmocytes, macrophages, also 
gitter cells with fat granules and, in acute cases, leukocytes. 
“Ring”-hemorrhages are characteristic mainly in the basal 
ganglia, as well as perivascular “cuffings” of lymphocytes, leuko- 
cytes and mononuclear cells. In the white substance, these ex- 
tend from the vascular sheath into the neuroparenchyma. The 
infiltration in the anterior horns is similar to that in poliomye- 
litis, with leukocytic and glial reaction. In older cases, fat con- 
taining macrophages and gitter cells accumulate, neuronophagia 
is frequent. Particularly significant are the neuronophagic “nod- 
ules” (8). These are composed of adventitial and hematogenous 
mononuclear cells. 

Neuronal damage: In hyperacute cases, elective, complete 
necrosis (17). In acute cases, smaller or larger, occasionally con- 
fluent, destruction of 2-4 or 20-30 cells. Chromatolysis, pyknosis, 
swelling of the often eccentric nucleus, eosinophilic cytoplasm 
which tends to lose its tinctorial properties, “severe cellular 
change” of Niss] and complete autolysis with spongy appearance 
of the parenchyma occur. This spongy formation is not always 
related to blood vessels, its area is almost acellular with no sig- 
nificant inflammatory reaction and only slight glia proliferation 
(20, 23). (In the material studied in this laboratory, the appar- 
ently not vessel related areas of spongy formation were only 
peripheral sections of perivascular zones, as found in serial sec- 
tions). In the cerebellar cortex, Purkinje cells might be focally 
destroyed. 

Inclusion bodies: None. 
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Glial reaction: Proliferation of microglia is characteristic. Cel- 
lular nodules, “granulomas” (20), are frequent. In the molecular 
layer of the cerebellar cortex, where Purkinje cells are destroyed, 
“Gliarasen” develop. 

Meningeal reaction: In acute cases, the leptomeninges of the 
convexity, are infiltrated by lymphocytes, later histiocytes and 
macrophages. In chronic cases, large mononuclear cells and 
macrophages accumulate. 

Special characteristics: In cases of long survival, there are 
calcium deposits in patches or wide bands in the cortex, around 
areas of cystic degeneration and encephaiomalacia. 


Poliomyelitis (anterior acuta ) 


Localization: The somatomotor system is the primary target 
of the virus, but rhombencephalic and diencephalic regulatory 
centers also may be involved. Most frequent is the destruction 
of the anterior horn cells in the spinal cord, rarely that of the 
Clark’s columns. Further areas often involved are: substantia 
reticularis rhombencephali, nucleus ambiguus, the motor nu- 
cleus of the X. and other cranial nerves, the periaquaeductal re- 
gion, cerebellum, substantia nigra, globus pallidus, hypothal- 
amus, corpus striatum and area 4 of Brodmann. 

Infiltration: Leukocytes. microglia, later lymphocytes. ad- 
ventitial cells and endothelial elements in the Virchow-Robin 
spaces. The perivascular infiltration is often insignificant as com- 
pared to the neuronal damage. 

Neuronal damage: This appears to be the primary process, it 
may occur without inflammation. The cytoplasm and nucleus 
show swelling. Tigrolysis and pyknosis precede complete destruc- 
tion of nerve cells. In the gray matter, incomplete necrosis may 
develop when involvement of the substantia reticularis causes 
vasomotor-respiratory disturbances. 

Inclusion bodies: None. 

Glial reaction: The microglia shows rapid proliferation, peri- 
neuronal and perivascular nodules or even “granulomas.” The 
astrocytes progressively participate in the later periods of the 
disease. 

Meningeal reaction: Inflammation is most frequent around 
the spinal cord, rhombencephalon and midbrain. 
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Special characteristic: It affects levels of the brain in which 
the alkaline phosphatase of the brain cells is of highest concentra- 
tion. 


Herpes Simplex Encephalitis 


Localization: The entire gray substance. Frequency: temporal 
cortex, parieto-occipital cortex, thalamus, mesencephalon, 
rhombencephalon, corpus straitum, pallidum and spinal cord. 
Special localization: tractus olfactorius, uncus gyri hippocampi 
and cornu Ammonis. 

Infiltration: Scattered perivascular “‘cuffings” in the gray and 
white matter, pons and medulla oblongata. Heavy lymphocytotic 
infiltrations occur in the Virchow-Robin spaces. The adventitial 
cells of involved vessels are swollen, just as well as the endothelial 
cells of surrounded capillaries (22). (The material studied here 
shows not only swelling of peripheral cells of blood vessels in 
the inflammatory areas, but proliferation and gradual migration 
into the surrounding parenchyma. In many instances, these 
activated mesenchymal cells, after having left the perivascular 
space, take either an elongated form with similarity to rod cells, 
or, become rather somewhat spherical with an apparent ten- 
dency to form macrophages or gitter cells). Around destroyed 
nerve cells, mononuclear cell nodules can be frequently found. 
In the deep layers of the cortex, there are accumulations of gitter 
cells. These often contain vacuoles in the cytoplasm, around their 
ectopic nucleus. Around areas of softening, particularly in the 
temporal cortex, multiple hemorrhages occur and large collec- 
tions of gitter cells develop or foamy macrophages accumulate 
(22). 

Neuronal damage: Chromatolysis, nuclear disintegration, 
necrobiosis and “ghost cell” formation are frequent. In the deep 
layers of the cortex, most ganglion cells disappear and are re- 


~ 


placed by small cystic spaces (5, 21). Severe softening is charac- 
teristic of the temporal lobe where a spongy necrosis gives a mot- 
tled appearance to the cortex. No neuronal elements survive this 
process. No ischemic necrosis is found in the mesencephalon, 
pons, cerebellum and spinal cord. 

Inclusion bodies: Neuron cells, astrocytes and a few obligo- 
dendroglia cells (5, 7) contain round, intranuclear, acidophilic 
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inclusion bodies with a halo around them (17). The chromatin 
substance is marginated, the nucleus is displaced close to the pe- 
riphery and the nucleolus approaches the nuclear membrane. 

Glial reaction: Besides developing inclusion bodies, astrocytes 
and oligodendrocytes increase in number (5). Neuronophagic 
nodules are infrequent. 

Meningeal reaction: The pia-arachnoidal blood vessels take an 
intensive part in the developing of a serous-cellular meningeal 
exudate. The adventitial cells proliferate rapidly and turn into 
macrophages of various size and shape. 


Inclusion Encephalitis 


Localization: Pallium (15). 

Infiltration: Perivascular grouping of lymphocytes and plasma 
cells. mainly around larger blood vessels. Rod cells are found 
throughout the cortex, as proliferated microglia (15). 

Neuronal damage: Dropping out of cells, mainly in the third 
layer of the cortex. 

Inclusion bodies: Intranuclear acidophilic formations, in 
ganglion and oligodendroglia cells. 

Glial reaction: In the deeper layers of the cortex, hyperplastic 
astrocytes predominate. 

Meningeal reaction: Diffuse infiltration of lymphoid elements 
in the leptomeninges. 


Rabies (Lyssa, Hydrophobia ) 

Localization: Anterior horns of the spinal cord, medulla ob- 
longata, pons. cerebellum, mesencephalon and diencephalon. 

Infiltration: Edema, congestion, perivascular accumulation of 
lymphocytes and of a few polymorphonuclear leukocytes, some 
of those in the Virchow-Robin spaces. Scattered hemorrhages and 
hemangiitis may occur. 

Neutronal damage: Severe neuronal and myelin destruction 
may be found around blood vessels with more intensive inflam- 


matory reaction. The outlines of nerve cells become irregular, 


the nuclear membrane blurred. Chromatolysis may be complete. 
Demyelination is most frequent around the fourth ventricle. 
Necrobiosis is characteristic of the hippocampus where inclusion 
bodies develop. 

Inclusion bodies: The Negri bodies occur in the cytoplasm 
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only. They are regarded as metabolistic by-products of the cyto- 
plasm damaged by the virus (17). 

Glial reaction: Satellitosis and neuronophagia are extensive, 
but not specific. The reaction described by Babes is not pathog- 
nomic. 

Meningeal reaction: The leptomeninges are congested, blood 
vessels are infiltrated and surrounded with lymphocytes and 
macrophages. 


Summary 


This study on viral encephalomyelitides, in line with an 
immune-biological background, is based upon a systematic evalu- 
ation of pathological changes. Data of the pertinent literature are 
supplemented by the observation of cases. The concept of “‘viral 
factor” and “host cofactor” is introduced and interpreted as a 
constituent of the axial phenomena in the pathogenesis of the 
disease entities concerned. The apparent system affinity with oc- 
casional level predominance of these diseases, in addition to their 
physiochemical characteristics, gave the initiative to regard the 
nervous system, with reference to the pathogenesis of viral en- 
cephalitis, to be composed of “‘chemoarchitectonic” units. These 
units are not confined to phylo- or ontogenetical, anatomical and 
physiological regions, but they extend to areas in which the 
neuronal and/or glial elements do contain adequate chemical 
compounds for the propagation of the invading virus. Specific 
functional differentiation, as in the somatomotor system, tends 
to establish the substratum for such chemoarchitectonic units. 

An analysis of the infiltrative elements in the perivascular and 
meningeal spaces led to the conclusion that the primary defensive 
reaction is within the field of mesenchymal elements. This in- 
cludes the formation of macrophages, compound granular cor- 
puscles (Gitterzellen) and rod cells. Un- or subdifferentiated 
mesenchymal cells are to develop into the above defensive factors, 
under the influence of the physiochemical stimulus given by the 
primary viral “factor” and by the interference of substances of 
both viral and host origin. 

The presence or absence of inclusion bodies divides the viral 
encephalomyelitides into two groups: (1) Diseases with inclusion 
bodies, as the herpes simplex encephalitis, inclusion encephalitis 
and rabies; (2) Diseases without inclusion bodies, as the enceph- 
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alitis epidemica (lethargica) of v. Ecénomo, Japanese enceph- 
alitis B and poliomyelitis. 

Further studies on the “chemoarchitectonical” regions of the 
nervous system. incl. inorganic, organic compounds and deriva- 


tives, as well as enzymes, along with more chemical data about 
viruses, might yield the basis for a classification of viral en- 
cephalomyelitides, with reference to mesenchymal defensive 
reactions and to the pathological phenomena of neuronal de- 
struction. 
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CULTURAL DETERMINANTS IN PLACEBO REACTION 


WixiiiamM A. SopEMAN, Jr.* 


While the pharmacologic reaction to a drug remains the same 
from person to person, the physiologic result of a drug admin- 
istered expresses the algebraic sum of the specific drug action 
and the placebo effect which the drug administered may elicit. 
The term placebo has been used in the literature to mean both 
placebo effect and a dummy drug. In this paper, the former 
meaning is employed unless otherwise specified. This placebo 
effect of a drug may provide a major portion of the drug’s action, 
as the effect of codeine on the cough reflex (Hillis, 1952), it may 
modify the drug’s action, as the effect of oral acetylsalicylic acid 
on postoperative pain (Beecher, 1953), or it may have little or 
no effect on the drug’s action. 

The placebo effect of a therapy is important for several reasons. 
First, it may so alter the subjective and objective symptoma- 
tology, without changing the etiological factors of the patient’s 
disturbance, that both patient and physician are lulled into a 
sense of false security by an ineffective therapy. Secondly, toxic 
drug reactions have been noted by Wolf (1954) to occur from 
the administration of an inert placebo substance. In a case where 
a placebo effect takes the form of a toxic drug reaction, a valu- 
able and perhaps necessary method of treatment may be lost. 
There is, of course, a beneficial side of placebo reaction and it is 
no less important to know of it and its uses. 

As such, placebo effect is as old as therapy. It forms perhaps 
the most important part of primitive medicine. Because of this 
medical treatment of peoples of varying cultural heritages may 
present a special situation which is centered around the placebo 
effect of therapeutics. The special importance of the placebo effect 
in a cross-cultural circumstance, as will be demonstrated, rests 
largely with an increased frequency of possible placebo reaction 
situations. 

The placebo effect component of a therapy is limited by having 
no direct, that is pharmacologic, action on an end organ, as does 
for example digitalis on the heart. The activity is mediated en- 
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tirely through the nervous and humoral regulators of the body. 
As a result, whenever the cause of the symptomatology of some 
disturbance or the symptomatology itself may be modified by 
changes in neural and humoral activity, the possibility for a 
placebo effect exists. Its action lies within alterations in the sub- 
jective appreciation by the patient of the symptomatology of his 
illness, although it can on occasion affect the primary cause of the 
disease. A placebo component might thus not be expected to have 
an effect on wound healing, but it may well affect wound pain. 

A second important limitation on the placebo effect is that all 
people as individuals will not react to a placebo. Beecher and 
Lasagna (1954) have demonstrated the presence of a “placebo 
reactor group” and a “placebo nonreactor group.” They found 
sex and intelligence not to be important determining factors here, 
but that attitudes, habits, educational background, and person- 
ality structure are. A twofold division of cultural and individual 
determinants may be applied here. There is then a requirement 
of both disease and individual susceptibility with regard to 
placebo effect. 

In any specific, that is, individual case, according to Wolf 
(1950), the placebo’s effect physiologically depends on a number 
of factors: “the state of the end organ at the time of administra- 
tion,” the “setting in which the agent was administered” and the 
“conditioning circumstances and previously established habits 
of reaction.” These I shall refer to as the individual determinants 
of placebo action. In addition to these there is a fourth factor 
which forms a separate category of determinants not included by 
Wolf. This I call the cultural determinants of placebo action. 
Viewed as the reaction of a group, the presence or absence of a 
placebo effect and, to some degree, the kind of placebo effect a 
therapy will have is dependent on the concept or conception of 
disease of that group. 

Just as there are individual differences among Christian sects, 
there are differences among the concepts of disease of individuals 
within a group. However, the Christian may be typified and com- 
pared with the Muslim. And the concept of disease of one group 


may be typified and compared with that of another group. The 


concept or conception of disease is an item of non-material cul- 
ture, a theoretical orientation functioning much the same as a 
religious philosophy, guiding man’s relation with his environ- 
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ment. It is an idea of the order and mechanism of disease in 
general, but it does function to apply an understanding and ra- 
tionale to sickness and treatment as the individual meets them 
every day. It is seldom if ever formalized in the sense of a scien- 
tific concept. It involves the understanding and the rationaliza- 
tion necessary to understand and meet those environmental 
forces which. in the form of disease and injury, tend to disrupt 
the harmony of bodily function. It has this function regardless 
of the correctness of the concept concerning the actual cause of 
disease. 

The idea of a placebo effect may be extended to cover more 
than drug administration, for it is the process—the administra- 
tion of the drug—that in fact is important here. It is the tech- 
nique, not the drug. which elicits the effect. The methods and 
circumstances of administration of any kind of therapy may then 
be seen to be important in as much as they may determine a 
placebo effect. As such. physical therapy and surgical treatment 
may be expected in the proper circumstances to have a placebo 
effect as a component of their actions. 

Within the placebo reactor group the agent, in order to have 
a placebo effect. must be believed by the recipient of the treat- 
ment to have a function in the alleviation of his disease state. 
It must work within the parameters of his concept of disease. It 
is within this frame of reference that variations in the effects of 
therapy may more frequently occur on a cross-cultural, that is 
inter-cultural. basis. In a case then where a therapy does not 
meet the requirements of a group’s conception of disease, one 
may expect that the possible actions of the therapy due to a 
placebo effect will be lost. The further a concept of disease di- 
verges from the correct concept of disease, the greater may be the 
number of possibilities for a placebo effect to manifest itself. 
Practically the closest approach to the correct concept of disease 
we know of is the modern scientific concept, that is, it is less 
divergent than the various primitive conceptions as a whole. 
Thus there is available the possibility of gaining, through the 


comparison of disease concepts, an understanding of how the 


placebo effect works. 

Physicians learn, formally in school and subsequently through 
medica] literature, a concept of the etiology and mechanism of 
disease. Laymen, in the process of living, also learn a concept of 





Cultural Determinants in Placebo Reaction 21 


disease. The physician’s is functional and, we hope, correct; the 
layman’s is functional, as it is applied, and variable in its cor- 
rectness. Both, however, spring from a common heritage in early 
European culture. There remains enough variation in the two 
to allow a placebo effect to be present. If a layman’s concept of 
disease will permit him to believe that he will receive some bene- 
fit from what really is an ineffective therapy, and when indi- 
vidual determinants will permit him to react, he may get a 
placebo effect from his therapy. It is possible that this concept 
may be changed by the doctor’s comments so that it will permit 
such belief. A useful therapy may also in this way acquire a com- 
ponent of placebo effect in its action. 

The dichotomy between disease concepts is more striking if 
one considers modern scientific medicine compared with that of 
the Catawba Indians of the Carolinas as reported by Speck 
(1937). Among the Catawba, the concept of disease is denoted by 
seizure or grip with a separate element of disease causation by 
spirit possession. Therapy is largely by herbal medicine. Here 
an effective drug preparation includes proper observance of 
rules for gathering, preparing and administering the medicine. 
Drugs may be rubbed on, tied on, taken internally or given 
by enema. Under such conditions a physical treatment can and 
often does take on a placebo nature. In our own not too distant 
past massage and bleeding are two examples of this sort of treat- 
ment, dependent, in large part, on placebo effect. The complaint 
has been registered that in such a situation the primitive practi- 
tioner is treating imaginary pain with imaginary medicine. 
However, Beecher (1955) has demonstrated that, at least in the 
hospital, imaginary medicine, i.e., various inert placebo sub- 
stances, can treat real pain, in this case post-operative wound 
pain. 

It is worth repeating here those factors mentioned at the be- 
ginning of this paper which make the apparent increased inci- 
dence of the placebo effect an important consideration in such 
cross-cultural situations. First, it may more frequently lull the 
patient and the physician into a sense of false security with an 
ineffective therapy, and second, toxic manifestations due to a 


placebo effect may make necessary the discarding of a valuable 


therapy. 
Some suggestion of the penetration of the placebo effect into 
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therapeutic practices may be gained by examining the impor- 
tance of the placebo effect in several widely used drug prepara- 
tions as tested by Hillis (1952). Several drugs were tested for 
their anti-tussive properties and the conclusion was reached that 
in man codeine has about the same therapeutic value in cough 
prevention as a saline placebo. Beecher (1953) in testing mor- 
phine, codeine and acetylsalicylic acid as oral analgesics for post- 
operative pain, found that by removing the placebo reactor group 
he could eliminate the placebo effect of the drugs being tested. 
The placebo reactor group would be one whose individual de- 
terminants were such that they could react to a placebo. As a 
result. in the remaining placebo non-reactors aspirin exhibited a 
better analegesic potency than morphine or codeine as employed. 
It is apparent. then. that a drug with little or no pharmacological 
potency. if applied with a logic of treatment based on the pa- 
tient’s concept of disease. may also prove successful. A therapy 
exhibiting a placebo effect may elicit responses to treatment 
which are both unexpected and misleading. A drug such as 
codeine for cough mentioned above may be of immense value 
or a waste of money. depending on the interpretation which is 
given to it by the cultural determinants of the patient being 
treated. 

The concepts of disease of primitive peoples, folk and peasant 
communities, have been grouped and described by Clements 
‘1932) into a number of constellations which reoccur on a world- 
wide basis. An examination of one of these constellations, that of 
disease object intrusion, will show how the placebo effect was 
and is used in primitive therapeutics. 

Disease object intrusion is a common disease concept among 
the native peoples of North and South America and Asia, and 
still persists in many places today. This concept maintains that 
certain specific disease states, especially but not exclusively 


those presenting a localized symptomatology, are due to the 


intrusion of an object such as a bit of stone, a bone, a worm, or 
within a special frame of reference, a blood clot into the tissues. 
This intrusive object need not be associated with a break in the 
skin, that is, it may be magically placed. The treatment applied 
is to remove the offending object through the services of a shaman 
or medicine man. This is done in a ritual proceeding involving 
sucking out the object either directly or through a tube. In some 
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places, e.g., the Northwest Coast region of North America, a 
previously hidden stone or bone is produced by the shaman after 
alleged removal. A clot of blood drawn with the aid of a tube 
through the unbroken skin forms the rationale of clot intrusion. 
Such a treatment has little or no direct effect on the disease 
process, but operating logically as it does with reference to the 
disease concept of this culture it may affect the subjective ap- 
preciation of the disease process and provide a “cure.” This 
technique of therapy may be compared with a recent demonstra- 
tion of a favorable result of a sham operation simulating an 
internal mammary artery ligation for the relief of angina pec- 
toris. 

With this brief background of disease object intrusion, some 
speculation may be made on possible effective.productive thera- 
peutic techniques involving a placebo effect among people with 
this conception of disease. Direct physical therapeutic applica- 
tion could be used profitably here as an adjuvant to a specific 
treatment. It is possible to use a counter-placebo effect to offset, 
within their concept of disease the apparently “ineffective” spe- 
cific treatment of modern medicine. By using time as the specific 
factor giving the real “cure,” folk medical practitioners in India 
have effectively made use of the placebo effect of counter- 
irritants, burning and scarification over the affected region to 
gain this time (Codrington, 1936). Diathermy and massage 
might be used as less drastic but similar therapies in a compara- 
ble modern situation. As a step in obtaining cooperation and 
understanding on the part of the patient, an explanation of thera- 
peutic measures may be made with the patient’s understanding 
of disease in mind. In the strictest sense, disease object intrusion 
does explain an abscess, with cocci as the objects, or a hernia, 
with a loop of bowel as object, and it is certainly more understand- 
able to the patient in this light than in any other. 

In summary then, it is important for those who are in position 
to treat people whose cultural, and medical, backgrounds differ 
from our own to remember that treatment, both physical and 
pharmacological, as we know it contains an unknown quantity of 
placebo action in its effect. According to the approached concept 
of disease, the effect may be denied, permitted, potentiated or 
added to, Dramatic therapeutic successes or failures in such a 


situation present difficulties of interpretation and raise important 
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questions concerning the possible effects of this therapy in an- 
other cultural setting. 

Conclusions 


1. There are factors in the determination of the placebo effect 
which extend beyond the individual determinants previously 
described. 


2. One of these factors, the cultural determinants, may be 
used to screen a treatment situation for possible instances of a 
placebo effect. 


3. Because of these cultural determinants there is an increased 
frequency of possible placebo reaction situations when therapy is 
applied on a cross-cultural basis. 


4. Physicians practicing in areas in which cross-cultural treat- 
ment situations occur should be aware of the importance of these 
factors. 
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Correlation of Loss of Photoreversibility of Ultraviolet-Induced 
Mutation with Deoxyribonucleic Acid Synthesis. C. O. 
Doudney and F. L. Haas, Department of Biology, The Uni- 
versity of Texas M. D. Anderson Hospital and Tumor 
Institute, Houston, Texas. 


We have suggested that nucleic acid precursors altered in vivo by ultra- 
violet light are involved as chemical intermediates in the induction of muta- 
tion. We demonstrated that in the absence of an adequate source of nitrogen, 
an immediate and rapid decline in the frequency of mutations induced by 
ultraviolet light in Escherichia coli occurs. The prevention of this decline 
depends on the availability immediately following exposure to radiation of a 
supply of amino acids. The potential mutation is ultimately fixed into the cell 
and is no longer subject to agents inhibitory to protein or RNA synthesis 
which result in a decline in mutation frequency, i.e., chloramphenicol. The 
progression of the loss of susceptibility to chloramphenicol challenge is closely 
correlated with the synthesis of ribonucleic acid. A relation between the 
amounts of RNA synthesized at the time of chloramphenicol addition, muta- 
tion frequency response and the subsequent rate of DNA synthesis exists. 
Mutation expression, however, depends on synthesis of deoxyribonucleic acid. 
Further, protein synthesis subsequent to deoxyribonucleic acid synthesis is 
requisite to mutation expression since chloramphenicol blocks mutation ex- 
pression following DNA synthesis. Recent studies of the loss of photoreversi- 
bility of ultraviolet induced mutation indicate that the major proportion of 
the potential mutations lose their reversibility in correlation with DNA 
synthesis in the culture. (However, some 20 per cent lose their photoreversi 
bility prior to measurable net DNA synthesis.) The data suggest that the 
final step in the mutation induction process is the initial synthesis of DNA 
following radiation exposure. 


Nucleic Acid Metabolism in Glucose-Starved Escherichia coli, 
Joan L. Countryman, Department of Biology, The Univer- 
sity of Texas M. D, Anderson Hospital and Tumor Institute, 
Houston, Texas. 


When active ribonucleic acid (RNA) synthesis is desired use can be made 
of cultures of Escherichia coli B starved for glucose in a manner similar to 
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that described by Scott and Chu (Exptl. Cell Research, 14:166-174, 1958). The 
depleted cells synthesize RNA immediately, rapidly, and reproducibly upon 
inoculation into fresh medium. 

While the cultures are under conditions of glucose starvation extensive RNA 
degradation occurs, and there is an apparent change in the physical nature of 
at least some of the RNA. More than 30% of the total RNA from disrupted 
starved cells is found in a fraction sedimenting at 20,000 x G for 20 minutes, 
while only about 5% of the total RNA from logarithmically dividing cells is 
found in this fraction. 


Rapidly Labeled Fractions of Ribonucleic Acid in Bacillus 
megaterium. David H. Ezekiel, Genetics Section, The Uni- 
versity of Texas M. D. Anderson Hospital and Tumor Insti- 
tute, Houston, Texas. 


These experiments are part of an effort to localize RNA synthesis in bac- 
teria with reference to the nuclear structures. in order to study gene func- 
tion (Ezekiel, Bact. Proc. 1959, 129). 

Protoplasts of Bacillus megaterium were fractionated quickly in the cold, 
by osmotic shock and centrifugation at 29,000 x G. The supernatant was then 
ultracentrifuged to yield ribosomes and a supernatant containing soluble 
RNA. The pellet was extracted with cold buffer, and re-centrifuged. The 
extract was ultracentrifuged. 

Some 22% of the RNA appears in the original pellet, about 5% is extracted, 
and almost all of this 5% appears in the high speed pellet. The DNA ac- 
companies the original pellet. is extracted, and appears largely in the high 
speed pellet of the extract. Deoxyribonuclease treatment has little or no effect 
on the RNA fractionation. 

When protoplasts are labeled with uridine for a short time before fractiona- 
tion, the most actively labeled RNA fractions are this high speed pellet of the 
extract, and the trace of RNA in the corresponding supernatant. These frac- 
tions exhibit loss of label in pulse experiments. 


The Consequence of Metabolic Alteration on Macromolecular 
Synthesis in Irradiated Bacteria. Daniel Billen, Section of 
Microbiology. Department of Biology, The University of 
Texas M. D.-Anderson Hospital and Tumor Institute, 
Houston, Texas. 


Deoxyribonucleic acid (DNA) synthesis in Escherichia coli can be separated 
into a radiosensitive and a radioresistant component. Inhibition of protein 
synthesis in log phase cells. with chloramphenicol or auxotrophs, for ap- 
proximately one generation time, induced a physiologic state such that DNA 
synthesis was completely inhibited at an otherwise only slightly inhibitory 
dose of x-rays. The proposition will be discussed that ionizing radiation affects 
the DNA synthesizing mechanism by inhibiting formation of the components 
(protein and/or RNA) necessary for later DNA synthesis while doing rela- 
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tively less damage to the substances immediately engaged in synthesis of DNA. 
By contrast, ultraviolet light presumably destroys or temporarily inhibits the 
DNA synthesizing component itself without destroying the capacity of the 
cell to repair or replace this component through protein and/or RNA syn- 
thesis. 


The Microbial Flora of Petroleum Waters. V. Carlson and E. O. 
Bennett, Department of Biology, University of Houston, 
Houston, Texas. 


This paper is a preliminary report of the microbial flora of water flood 
systems in Texas, Louisiana, and Oklahoma which are experiencing microbial 
problems in petroleum production. The microbial flora from thirty different 
locations in three Texas water flood systems were studied. The predominant 
genera isolated in each of the systems were composed of sulfate reducing bac- 
teria and heterotrophic bacteria. The most frequently occurring heterotrophic 
bacteria were pseudomonads. Also isolated in significant numbers were 
Bacillus species, Flavobacterium species, Achromobacter species, Micrococcus 
species, and Sarcina species, which have not been reported in water flood sys- 
tems up until this time. Less frequently occurring microorganisms isolated 
from these systems included molds. iron bacteria, sulfur bacteria, and common 
soil contaminants. Microbiological problems in the pteroleum industry are 
almost invariably concerned with the repeated appearance of sulfate reducing 
bacteria and pseudomonads: the existence of some type of interrelationship 
between these organisms is discussed. 


Pigment Production by Virulent and Avirulent Strains of Bacil- 
lus anthracis. Robert P. Williams and Kwei-Chao Chao, 
Department of Microbiology. Baylor University, College of 
Medicine, Houston, Texas. 


A characteristic, diffusible pigment with an absorption maximum at 490 
mu is produced by virulent and avirulent anthrax. However, a quantitative 
difference in production exists between the two strains. When pigment pro- 
duction of virulent and avirulent strains derived from the same parent organ- 
ism is measured, it is found that virulent strains have a greater pigmentation 
index (pigment produced/cell mass). Of several factors investigated, the iron 
concentration of the medium proved to be different between virulent and 
avirulent organisms. The optimum iron concentration for maximum pigment 
production was ten times greater for avirulent organisms. Even at optimum 
iron concentration, however, the pigmentation index of virulent organisms was 
greater. It was also demonstrated that even non-pigmented culture filtrates 
will form pigment in the presence of excess iron. The amount of pigment 
formed under these conditions is similar for virulent and avirulent organisms 
These results suggest that the iron metabolism of virulent and avirulent 
organisms differs, The latter appear to utilize more iron for cellular processes 
and leave less in the medium for pigment formation. 
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A Diffusible Pigment Produced by Certain Strains of Staphylo- 
coccus aureus. Joseph A. Bass and W. F. Verwey, The Uni- 
versity of Texas Medical Branch, Galveston, Texas. 


During routine studies on staphylococci from lesions and nasal carriers, 
certain strains were seen to produce a yellowish orange pigmentation in the 
medium following 10 to 14 days incubation at room temperature. Of 24 
strains studied, all were found to be resistant to two or more antibiotics and 
to possess the usual in vitro characteristics generally associated with patho- 
genic strains. Pigmentation of the medium occurred on trypticase soy agar 
or in trypticase soy broth, but not on nutrient agar. Addition of milk to both 
solid media enhanced colonial pigmentation but did not affect production of 
diffusible pigment. The colored compound is dyalizable through cellophane, is 
stable to boiling at neutrality, possesses acid-base indicator properties, and is 
not soluble in the usual organic solvents. The above properties serve to dis- 
tinguish this colored compound from the classical pigment of S. aureus. 


The Uptake of Erythromycin by Sensitive and Resistant Bac- 
teria. Larry A. Renshaw and W. F. Verwey. The University 
of Texas Medical Branch, Galveston. 


The action of various chemotherapeutic agents upon bacterial cells is de- 
pendent not only upon the ability of the agent to interfere with specific 
cellular metabolic functions, but also upon the penetration of the chemothera- 
peutic agent into cell. Therefore, the uptake of erythromycin sensitive and 
erythromycin resistant staphylococci was studied. Additional experiments 
were done to determine the uptake of this antibiotic by a naturally resistant 
Ps2udomonas aeruginosa culture. It was found that both sensitive and resistant 
staphylococci showed the same uptake pattern over a wide range of drug 
concentrations, with almost complete absorption occurring at low concentra- 
tions but with limited uptake at high concentrations. In contrast, the Pseudo- 
monas culture absorbed erythromycin in a manner suggesting free diffusion 
of this drug into the cell over a wide range of concentrations, These results 
suggest that differences in the action of erythromycin upon sensitive and 
resistant staphylococci are not based upon differences in uptake and that the 
natural resistance of Pseuds»monas does not depend upon failure of the anti- 
biotic to enter the cell. 


Factors Influencing Virulence of Staphylococci in Mice. R. D. 
Higginbotham and Joseph A. Bass, The University of Texas 
Medical Branch, Galveston, Texas. 


The present study was undertaken to investigate the nature of various 
factors influencing the host-parasite relationship of S. aureus in mice. Standard- 
ized saline suspensions of nine strains of stayhylococci, isolated from human 
infections, were tested for virulence by both I. V. and I. P. challenge routes. 
Seven of the nine strains showed varying degrees of pathogenicity by the 
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I. V. rout2, whereas only one out of 9 was pathogenic by the I. P. route. No 
correlation between virulence and phage type could be made. The most 
virulent strain by the I. V. route (strain 959) had an approximate LD50 of 
16 x 10° organisms, with an average survival time of lethally infected animals 
of 714 days. Although normally avirulent by the I. P. route, infection with 
959 could be established with the aid of mucin. However, the LD50 was ap- 
proximately 6 times greater then the I. V. LD50. In contrast, the “Fritchie” 
strain had an LD&50 of approximately 9 x 10° organisms by the I. P. route, 
with a survival time of lethally infected animals of 6 to 18 hours. Infection by 
this route could be greatly enhanced with mucin. Although this organism 
was relatively avirulent by the I. V. route, virulence could be demonstrated 
if previously x-irradiated mice were used. 


Virus Propagation In Suspended Cell Cultures. Sidney Halperen 
and S. Edward Sulkin, The University of Texas South- 
western Medical School, Dallas, Texas. 


Growth cycles of the MEF, strain of poliovirus and Group B, type 3 
Coxsackie virus in suspended cultures of H2La cells were analyzed for quanti- 
tative relationships between virus multiplication, early signs of cell death 
and eventual disintegration of host cells. In poliovirus infected cells a pro- 
longed period occurred between maturation and release of free virus into the 
suspending medium. Preceding virus release, the cells developed an increased 
permeability to trypan blue. The liberation of virus into the medium accom- 
panied a disintegration of cells, suggesting a mechanism similar to that found 
in phage-bacterium systems. Coxsackie virus had a more rapid developmental 
cycle in these cells. Increase of mature virus was found to occur in associa- 
tion with the cells and free in the medium at about the same time, indicating 
that maturation and release may occur at close intervals. The disintegration 
of Coxsackie virus infected cells did not precede an increase of free virus 
suggesting that virus had been liberated at an earlier period, possibly at the 
same time that the cells became more permeable to trypan blue stain. 


Antigen Localization and Reticulo-endothelial Cell Participation 
in Active Anaphylaxis in Mice. Paul Donaldson and Susan 
J. Allen, Department of Microbiology, The University of 
Texas Southwestern Medical School, Dallas, Texas. 


Kupffer cell hyperplasia was found in livers of mice sensitized either by 
means of injection of antigen and Bordetella pertussis susupensions or by 
means of multiple injections of larger amounts of antigen. Following an- 
aphylactic challenge and death of these mice, these cells could be uniformly 
stained with fluorescent antibody against the antigen used for challenge. The 
accumulation of islands of histiocytes in mice treated with pertussis vaccine 
was confirmed in these studies but the antigen uptake by the smaller reticulo- 
endothelial cells present here could not be ascertained because of their non- 
specific fluorescein staining. Intravenous injection of zymosan did not seem 
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to contribute to the anaphylactic sensitization of mice. Antigen uptake by 
cells of the kidney, adrenal, spleen or the thymus of mice suffering from 
anaphylactic shock did not seem to differ from that of such cells from immune 
but anaphylactically insensitive mice. 


Diagnosis of Pertussis by Fluorescent Antibody Staining of 
Nasopharyngeal Smears. Jo Anne Whitaker and Paul 
Donaldson, Departments of Pediatrics and Microbiology, 
The University of Texas Southwestern Medical School, 
Dallas, Texas. 


Rabbit anti-pertussis serum labeled by means of fluorescein isothiocyanate 
was used to stain direct nasopharyngeal smears from pertussis patients and 
other individuals. Specifically stained bacteria, morphologically typical of 
Bordetella pertussis. were seen in smears of 31 of the 36 untreated patients 
with clinical pertussis. Nineteen of these smears contained sufficient pertussis 
organisms that examination of only several fields was necessary. Of 13 per- 
tussis patients on therapy less than 48 hours, all gave smears permitting a 
positive finding. though 9 of these contained only small numbers of fluorescent 
antibody staining bacteria. Only 2 patients of 16 who had been on therapy 
over 48 hours gave positive smears. No false positive smear was found from 
the 36 people used as controls. These results indicate that diagnosis of per- 
tussis by fluorescent antibody staining may be at least as sensitive as cultural 
methods by experienced personnel and may. therefore, become the method 
of choice for the etiologic diagnosis of this disease. 


A Tuberculostatic Factor in Immune Sera of Guinea Pigs. I. 
Kochan and S. Raffel. 


A bacteriostatic effect for virulent tubercle bacilli was detected in sera 
collected from infected or vaccinated guinea pigs. In the first case, this effect 
was noticeable in sera collected during the disease period but in the latter case 
tuberculosis activity was limited in time, being evident only for two and a 
half to three months after vaccination. 

The investigation of the static factor revealed the following features: It is 
heat stable at 60°C for 1 hour but progressively loses its activity at 65°C and 
over. It cannot be adsorbed by the usual methods used for adsorption of an 
antibody. nor can it be passively transferred by serum from immune to normal 
anumals. Its formation is not influenced by x-ray radiation administered be- 
fore or after vaccination. Also, both kinds of treatment have no influence upon 
resistance of animals to infection. It depends upon the presence of calcium 
ions for its static activity. Curtain-electrophoretic fractionations of immune 
serum revealed the separation of the inhibitory factor in the alpha-globulin 
region. Its activity is directed specifically against tubercle bacilli, Its forma 
tion can be induced by filtrate of normal guinea pig serum in which tubercle 
bacilli were cultivated for three weeks. 
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GENERATION TIME OF HELA CELLS DETERMINED 
FROM CINE RECORDS* 


Tt. C, Bsv” 


Cell generation is usually estimated by the time required for 
the doubling of the initial population. This method considers the 
population as a whole and is therefore indirect. In tissue culture 
systems direct information on individual cells can be obtained by 
analyzing cinematographs on growing cells, Fell and Hughes 
(1949) pioneered this field with mouse splenic cells but stimu- 
lated very few followers. The main technical difficulty in this 
type of study is to grow the cells in a container in which no feed- 
ing is necessary for a period of time but long-term motion pictures 
can be taken on the same microscopic field. Improvements in 
tissue culture techniques have fulfilled such a need. Both the Rose 
chambers (1954) and the Sykes-Moore chambers (1959) offer 
excellent opportunities. In our laboratory the latter was em- 
ployed to seed the HeLa cells. Fresh medium was replenished 
prior to filming and phase ciné sequences were taken at a speed 
of one frame per minute for 66 consecutive hours in each case. 
The films were studied with a Bell & Howell Time-Motion Study 
projector (Model BD) to facilitate accurate reading. 

Individual cells were observed from the initial frame of the 
motion picture sequence which was set at zero in the film counter. 
When the cell under scrutiny divided, the machine was stopped 
and was manually rewound to the nearest frame showing the 
onset of anaphase. After recording the frame number the film 
was permitted to proceed until anaphases of the daughter cells 
were recorded in the same manner. The procedure was repeated 
for each daughter cell until the film ended. The generation time 
was thus calculated as the time span between the beginning of 
anaphase of the mother cell and the same stage of the daughter 
cell. The reason for selecting anaphase as the criterion for deter- 
mining generation time was that this stage of mitosis could be 
determined most accurately with an obervational error not ex- 
ceeding 2 or 3 minutes (Moorhead and Hsu, 1956). 

Figure 1 represents data on generation time of the Hela cells 
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Fic. 1. Generation time of individual HeLa cells grouped at hourly intervals. 


collected from 91 cases grouped at hourly intervals. The mean 
value was 1832 minutes or approximately 301% hours. In a num- 
ber of cases both daughter cells could be traced to undergo mitosis. 
Variation in the generation time required for the sisters was 
considerable. ranging from 6 to 732 minutes, with a mean value 
of 203 minutes (approximately 314 hours) from 30 pairs studied. 

The ciné records can be used, besides for critical determinations 
of generation time as reported in this communication, to study 
a number of cytological phenomena which are otherwise diffi- 
cult to reveal. For instance, daughter elements of many binu- 
cleated cells and aberrant mitoses would fuse to form a single 
giant cell. However, the fusion process may take place at late as 
24 hours after the completion of cleavage, which would escape 
notice even in short-term ciné records. Critical measurements 
of nuclei can also bé made to determine the pattern of nuclear 
growth between successive mitoses. 
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ALCOHOL AND ANXIETY LEVELS 
IN THE ALBINO RAT: 


I. OBSERVATIONALLY DEFINED ANXIETY 
II. EXPERIMENTALLY DEFINED ANXIETY®* 


Maurice KorMAn” 


A significant part of the basic experimental work on the psy- 
chological effects of alcohol has dealt with its role in conflict 
resolution. Masserman and Yum (1946) found that alcohol re- 
sults in a particular disorganization of highly complex neurotic 
habit patterns. Conger (1951), in a series of well-designed 
experiments, showed that alcohol reduces the avoidance re- 
sponses of rats placed in an approach-avoidance conflict. Al- 
though some concern over the difference in recency or sequence 
of learning of the approach and avoidance habits has recently 
been expressed by Miller (1956. p. 329) and Weiss (1958), this 
basic paradigm has been generally accepted. 

Interest has also been aroused in the effects of alcohol on a 
cognate organismic state, anxiety. A few investigations have been 
conducted with inconsistent results. N. E. Miller reports failure 
in using a modified Masserman and Yum situation that involved 
only fear. He suggests that “conflict (in addition to fear) might 
be necessary in order to produce addiction” (1956, p. 329). 
Scarborough (1957), on the other hand, finds alcohol to be an 
anxiety reducing agent. After having learned to escape shock by 
pressing a bar. the alcohol treated rats spent significantly less 


time in pressing a bar when the shock was absent than did the 


water injected rats. 

While representing a further attempt to clarify the general 
relationship of alcohol to anxiety reduction, the present study 
is aimed at testing a further hypothesis i.e., that the ingestion of 
alcohol has differential effects depending on the degree of anxiety 
or fear present in an organism. Diethelm (1955) offers some 
suggestive data on this score from his experiments on alcoholics. 
He found that alcohol markedly reduced a “tension-related sub- 
stance” in the blood stream of his patients with only minimal 
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effects upon an “anxiety-related substance.” In this study it was 
desired to distinguish anxiety as anticipation of threat from a 
less severe state of fear, perhaps more analogous to the everyday 
meaning of the word “tension.” There are basically two ap- 
proaches that can be used to define degrees of anxiety, the obser- 
vational and the experimental. The observational technique 
(response defined) concentrates on the individual differences 
that exist in the fear associated reactions to noxious stimuli of a 
group of organisms. The animals are then separated into high and 
low anxiety groups on the basis of these reactions. The experi- 
mental approach induces such differential reactions through 
systematically varied procedures. Since generally similar results 
should emerge from the two approaches, anxiety levels were 
discriminated by both methods in separate experiments in an 
effort to increase the validity of the findings. 


Experimental Procedures 
Experiment No. 1 

Subjects. The subjects of this experiment were 16 Sprague Dawley rats, 
55 to 65 days old at the beginning of the experiment and ranging in weight 
from 162 to 246 grams. These animals had lived in the experimental room for 
approximately 3 weeks prior to the experiment with water and food available 
at all times. Three days before the beginning of the experiment the rats were 
put on the two hour rhythm feeding. During the experiment the animals 
lived in cages of four, half the animals in each cage being randomly assigned 
to alcohol and the other half saline. All animals were fed following an ex- 
perimental session; precautions were taken so that all animals were run under 
approximately 17 hours food deprivation. Both the apparatus and the basic 
procedures used in this experiment were patterned after Miller (1948) and 
Hall (1955). The apparatus is a two compartment box separated by an 
adjustable door; the walls of the first compartment are painted white while 
the floor is actually a copper bar grid across which an electric current can be 
mad? to flow. The walls and floor of the second compartment are made of 
wood and painted black. Both compartments have a wooden lid painted respec 
tively white and black.. The front of both compartments was made of plexi 
glass so that an animal could be observed while in either box. 

A constant current electric stimulator was used to electrify the grid. In 
this first experiment the current was set at .8 milliamperes. During the test 
phase an electric clock was used to obtain an automatic measure of the time 
spent by an animal on the grid. This was done by allowing the animal's 
weight to depress a spring which in turn started an electric clock. All time 
measures were recorded to 1/100 second. 

Acquisition phase. The acquisition phase lasted two days and was the same 
for all the animals of this experiment. Each animal received 15 trials on the 
first day and ten trials on the second day. 
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The first trial consisted of free exploration of the entire apparatus with the 
door open for 90 seconds. The second trial consisted of two 60 second periods. 
During the first 60 seconds the grid was not electrified although the door was 
closed. During the next 60 seconds a one second electric shock was given 
every five seconds. At the end of this interval the experimenter opened the 
door and simultaneously allowed the grid to be continuously charged. The 
animal was allowed to remain in the black box for 45 seconds after which he 
waited for the next trial in an individual experimental cage. The time be- 
tween trials was kept constant for all animals, this interval being approxi- 
mately five minutes. During all acquisition trials subsequent to the second 
one, the animals were allowed to remain in the black box for 45 seconds. 
During the third trial the door between the white and the black box was 
again closed. After the animal had been in the white box for 30 seconds, the 
grid was continuously charged for 10 seconds. At the end of this period the 
door was opened by the experimenter and the animal was allowed to run to 
the black box. 

Trials +-15 were run on the first day and trials 16-25 on the second. The 
procedure for all of these trials was exactly the same. The animal was placed 
in the white box, facing in a different direction on alternate trials; the grid 
was continuously electrified and the door was open. 


Anxiety ratings. During both acquisition days each animal’s behavior dur- 
ing the acquisition trials was noted with reference to tendency to freeze, 
jump. squeal. to move. to defecate and to urinate. On the basis of this in- 
formation each animal was assigned a global anxiety rating for each of the 
two days on a 1-7 scale. Since the animals were run in groups of four it was 
decided to divide each group into two “high anxiety” animals (HA) and 
two “low anxiety” animals (LA). This was done on the basis of the two 
global anxiety ratings made by an experienced assistant on the two acquisition 
days and the number of boluses on the first day: the number of boluses on the 
second day had not been recorded. The assignment procedure was performed 
independently by the experimenter and an assistant with 100% agreement. 
This procedure. however. is not entirely satisfactory since the degrees of free- 
dom for each choice are limited. When the HA and the LA groups as a whole 
wer contrasted they seemed to be quite different in their anxiety level; in 
only one case was there an apparent injustice 

Anriety Extinction Phase. Half the HA and LA groups were assigned to 
alcohol and the other half to saline. The alcohol rats were given intraperi 
toneal injections of 1.5cc/100 gms. of a 10%, solution of alcohol; the saline 
rats received comparable amounts. It should be noted that the alcohol solution 
is a relatively weak one (1.2 mg./gm. of body weight). The substance in 


jected was alternated so as to control any increase in proficiency on the part 


of the experimenter in giving injections. After being allowed to crawl around 
on the experimenters lap for approximately a minute the animal was placed 
in his cage for another four minutes. Following this the animal was placed in 
the white box with the door closed and the grid not electrified for a period of 
2 minutes. The same procedure was repeated during the second day of the 


extinction phase with one significant difference in procedure. The animal was 
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allowed to stay in his experimental cage for 14 minutes prior to being put in 
the white box for 10 minutes. This was done because it is not clear at what 
point the maximum effect of the alcohol occurs following injection. 

Test Phase. The test phase was similar in all respects with trials 4-25 of the 
acquisition phase with of course the important exception that the grid was 
no longer electrified. This phase likewise lasted for two days; each animal 
was run for 10 trials the first day and 15 the second in the same rotation 
order and after being placed in the white box in the same manner. After an 
animal had gone into the black box he was allowed to stay there for 45 
seconds. In the case where an animal stayed in the white box or returned to it 
from the black box he was allowed to stay in it up to a maximum of 120 
seconds before being removed from the apparatus. 


Experiment No. 2 


Unless otherwise indicated all the procedures in the second experiment were 
similar to thos2 in the first. The most important difference between the two 
experiments consists of the fact that levels of anxiety were experimentally 
induced in the second experiment. 

Subjects. Twenty-four Sprague Dawley rats, age 70 to 85 days, were used. 

Acquisition phase. Twelve animals received the standard 25 acquisition 
trials over a period of two days. The other 12 animals received only 8 trials 
similar in all respects to the first 8 trials of the other group except that the 
electric stimulator was set at .25 milliamperes instead of .80 milliamperes. 
The second group compris2s the low anxiety group (LA) of this second ex- 
periment. Decreasing the number of acquisition trials and the magnitude of 
the shock lowers the anticipatory fear (Miller, 1951). 

Anziety Extinction Phase. Half of the HA and LA groups were injected 
with the alcohol solution; the rest of the animals were given the saline. On 
both extinction days the animals waited 10 minutes in the experimental in- 
dividual cage following injection and were then placed in the white box with- 
the door closed for a period of 20 minutes. 

Test phase. The test phase procedures were the same as reported for the 
first experiment. Each animal was run for only 15 trials, however, (10 trials 
the first day and 5 the second) principally because of scheduling difficulties. 
Since the extinction curves for the animals in the first experiment remained 
quite stable for 25 trials it was felt that this would not distort the results. 


Results 
The rats’ willingness to stay in a previously anxiety provoking 
environment as measured by the test phase trials represents the 


basic data of these experiments. Exploratory work had indicated 


that some animals responded to strong fear stimuli by freezing 
rather than by fleeing. In the context of these experiments it was 
not possible to distinguish definitely the animals who remained 
in the white box for the maximum period (120 seconds) through 
excessive fear, from those whose anxiety had extinguished max 
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imally. Consequently all such trials were excluded from the final 
analysis. Since 12 rats in the Alcohol groups and 12 rats in the 
Saline groups had such trials, no bias seems to have been thus 
introduced. One rat in each experiment, however, froze entirely 
during all the test phase trials; these animals also showed other 
signs of strong fear such as defecating and squealing occasionally. 
It is interesting to note that they both belonged to the High- 
anxiety-Alcohol groups. and that although they were omitted 
from the final analysis their inclusion would have accentuated 
the direction of the results and increased the significance of the 
overall findings. 

Table 1 reports the results of an analysis of variance of the 
median test phase trial scores of experiment I. There is a signifi- 
cant interaction effect (p<.05) indicating that alcohol is ef- 
fective as an anxiety reducer for LA group, but inferior to saline 
in its effect upon the HA animals. 

The results of the second experiment differ somewhat from 
those of the first although they are in keeping with them. As can 
be seen from Table 2, the alcohol group showed generally more 
anxiety than did the saline group (p<.05); the HA group was 
more fearful during the test phase than the LA animals (p<.05). 
An interaction effect similar to that of the first experiment was 
also found; its significance. however, is attenuated. (p<.10>.05) 

When the means of the four groups are graphically compared 
(figure 1), the direction of the effects of the alcohol are seen to be 
much the same for the two experiments; the slopes are quite 
similar as we move from LA to HA. In both cases, the anxiety 
level as determined during the acquisition phase is inversely 


TABLE 1 


Analysis of Variance of Time Extinction Scores (Reciprocals) in 
Experiment No. 1 





Source y Mean Square 


Alcohol v. Saline 0061 
High Anxiety v. Low Anxiety 0243 
Interaction 

Alcohol ¥ Anxiety .1868 
Within 0244 





p sgnificant at 5 be 
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Analysis of Variance of Time Extinction Scores (Reciprocals) in 
Experiment No. 2 





Source df Mean Square 


Alcohol v. Saline 1 .1430 
High Anxiety v. Low Anxiety 1314 
Interaction: 

Alcohol x Anxiety .0843 
Within 0259 








* p significant at .10 level. 
** p significant at .05 level. 
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Fic. 1. Mean Extinction Time of High and Low Anxiety Groups under 
Alcohol and Saline Conditions. 


related to the effectiveness of alcohol in mediating the extinction 
of the anxiety response. The saline groups. however, differ in the 
slope of the gradients. In the first experiment the LA-Saline 
group has more anxiety than the HA-Saline group; this is not 
the case in the second experiment. 
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Discussion 


It is apparent from the results of both experiments that alcohol 
differentially affects organisms depending on the degree of anx- 
iety present. An element of inconclusiveness is introduced, how- 
ever, by the fact that of the four groups in each experiment, the 
Low Anxiety-Saline groups behaved in a radically different man- 
ner in the two experiments while the other three groups’ per- 
formance was closely duplicated in spite of the differences in ex- 
perimental procedures. It cannot therefore be concluded that alco- 
hol has an anxiety reducing effect on the low anxiety animal in 
contrast to the effects of a saline solution. The results, however, 
do support the following interpretations: (1) for high anxiety 
conditions, the absence of alcohol is more anxiety reducing than 
its presence; (2) for low anxiety conditions, the presence of alco- 
hol is more anxiety reducing than it is for high anxiety conditions. 

This relationship between alcohol and anxiety levels may ex 
plain the differences in the results reported by such investigators 
as Miller (1956) and Scarborough (1957), especially if the in- 
teraction which is reflected more clearly by the data of experi- 
ment I is taken as the starting point. It would be clear then that 
the effects of alcohol with relation to the extinction of an anxiety 
response would be quite variable depending on the level of 
anxiety that any one experimental procedure were known to 
induce in a laboratory animal. Thus, Conger’s (1951) use of 
weak shock (.2 milliamperes) and relatively few avoidance trials 
would tend to classify that experiment in the “low-anxiety” cate- 
gory. The positive effect of alcohol in that situation can be con- 
trasted to the absence of such results when the fear-based avoid- 
ance habit is an older one (Miller, 1956) or an unlearned one 
(Weiss, 1958). It may be suggested that here again the dif- 
ferential variable is the strength of the fear state. 

The results reported here raise an interesting question. Why 
should alcohol act against the elimination of anxiety in a highly 
anxious organism while not affecting it (or even facilitating it) 
in a moderately fearful animal? It may be that to a highly 
anxious organism, the internal alcohol-associated stimuli them- 
selves become anxiety producing cues because of the heightened 
state of the organism which would cause any additional stimuli 
to increase its drive state. Another possibility may involve the 
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fact that contact with the anxiety producing stimulus compound 
(in this case, the white box, the grid etc.) accelerates the rate of 
extinction. The high anxiety animal, having already less tend- 
ency to such contact than the low anxiety animal, might in ad- 
dition show less fear extinction than its saline control group be- 
cause of the added stimulus-distorting effects of the alcohol which 
may decrease yet further the amount of “real” contact with the 
anxiety producing stimulus compound. 

Extrapolating these results to humans leads to an interesting 
question. Does alcohol relieve moderate fear or tension while 
exacerbating states of extreme anxiety? Diethelm’s work (1955) 
suggests that this may be the case, although considerably more 
experimental work along these lines is needed. 


Summary 


These studies concerned themselves with the differential ef- 
fects of alcohol in reducing the strength of an anxiety response in 
animals of high v. low anxiety. In the first experiment, the levels 
of anxiety were discriminated by observational techniques; in 
the second, they were experimentally induced. The experimental 
procedures involved three phases: (a) an acquisition phase dur- 
ing which animals learned to escape from a cage with an elec- 
trified grid; (b) an extinction phase consisting of confinement to 
the cage with the grid cold, following an intraperitoneal injection 
of either an alcohol or a saline solution; (c) a test phase during 
which the strength of the avoidance response was measured 
under cold grid-non-confinement considerations. 

The results indicated that alcohol has more of an anxiety re- 
ducing effect upon the low anxiety animals than upon the high 
anxiety group. An interaction effect suggesting the facilitation 
of anxiety reduction in alcohol-treated low anxiety animals in 
contrast to the inhibition of such a change in high anxiety ani- 
mals was found, although not conclusively. These findings are 
discussed with reference to other reports in the literature. 
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CYTIDINE AND DEOXYCTIDINE NUCLEOTIDES 
OF ERYTHROCYTES* 


Gorpon C. MI.Lts? 


Previous studies, using anion exchange chromatography, have 
shown the presence in human erythrocytes of cytosine nucleo- 
tides (Peak A of (10) and (2)). These cytosine components ap- 
peared in the elution profile just ahead of the position occupied 
by authentic cytidine monophosphate (CMP) and in a position 
corresponding to that of cytidine diphosphate choline (CDP- 
choline) and cytidine diphosphate ethanolamine (CDP-ethanol- 
amine). Consequently, the suggestion has been made that Peak 
A of the elution profile contains one or both of these cytidine 
diphosphate compounds (10, 2). No definite proof of this suppo- 
sition has been presented, however. Recently, deoxycytidine di- 
phosphate choline (dCDP-choline) has been shown to be present 
in sea urchin eggs (18), Novikoff hepatoma (17), and, in smaller 
amounts, in normal rat liver (7). Deoxycytidine diphosphate 
ethanolamine (dCDP-ethanolamine) has been shown to be pres- 
ent in thymus (14) and in Novikoff hepatoma (17). dCDP- 
choline and, to a lesser extent, dCDP-ethanolamine will serve 
as coenzymes in the biosynthesis of phospholipids (7). Since 
dCDP-choline and dCDP-ethanolamine are eluted by formic acid 
from the anion exchange column in the same fractions as the 
corresponding ribose compounds, these two deoxyribose com- 
pounds must also be considered as possible components of Peak A. 

In the present studies, anion exchange chromatography has 
been utilized to separate choline-containing nucleotides from 
those which contain ethanolamine. Paper chromatography has 


been used to separate deoxycytidine nucleotides from cytidine 
nucleotides. These studies have shown that CDP-choline, CDP- 
ethanolamine, dCDP-choline and dCDP-ethanolamine are all 
present in erythrocytes with the deoxycytidine nucleotides pres- 


ent in 4 to 5 times the concentration of the corresponding cytidine 
nucleotides, 
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Materials and Methods 


CDP-choline, CDP-ethanolamine and deoxycytidine 5’-monophosphate 
(dCMP) were obtained from Sigma Chemical Company. CMP was ob- 
tained from Pabst Laboratories. 

All spectrophotometer readings were made with a Beckman DU spectro- 
photometer. The millimolar extinction coefficients which have been utilized 
in calculating the amounts of these cytosine nucleotides are 13.2 at 280 my in 
an acid solution and 9.2 at 270 my in solutions of pH 7 to 9.5 (11). The pro- 
cedure of Horecker. Ma and Haas (6) was used for the determination of total 
phosphate. However, the acid concentration during color development was 
reduced from 2 to 1.5 N in accordance with the results of studies by Bartlett 
(1). The intensity of color in the phosphate determination was measured with 
a Klett-Summerson photometer using a red filter (KS66). Deoxyribose analy- 
ses were carried out in accordance with the procedure of Brody (3) using 
dCMP as a standard. Since deoxycytidine compounds react rather slowly in 
this procedure. color development was allowed to proceed for 60 minutes at 
25° prior to taking optical density readings. 

The general procedures which have been utilized in the anion exchange 
separation of acid-soluble phosphate compounds of erythrocytes have been 
described previously (10). These procedures have been varied somewhat to 
adapt them for either larger or smaller amounts of material. In each case, 
gradient elution has been used to provide a gradually increasing concentration 
of formate in the eluant solution. For the initial separation of the cytidine di- 
phosphat> compounds from the blood filtrate (Fig. 1A), a 3 cm. x 33 cm. 
Dowex 1-X4 column was utilized. Elution was begun by passing 0.5 N formic 
acid into a mixing reservoir containing 500 ml. of water. Approximately 13 
ml. of eluant solution was collected in each fraction. In all subsequent ion 
exchang? procedures (Fig. 1. B. C, and D), a 0.5 cm. x 20 cm. Dowex 1-X4 
column was utilized. The volume of eluant solution per fraction ranged from 
3 to 5 ml. In Fig. 1B, the elution was begun by passing 0.2-M ammonium 
formate (pH 9.4) into a mixing reservoir containing 75 ml. of water. After 
75 ml. of eluant solution had been collected, the molarity of the ammonium 
formate solution in the upper reservoir was increased to 0.5 M. In Fig. 1, C 
and D. elution was begun by passing 0.2 N formic acid into a mixing reser- 
voir containing 150 ml. of water. 

Prior to rechromatography of the cytosine nucleotides, formic acid was 
removed from the solutions by lyophilization. When the solutions contained 
ammonium formate, the nucleotides were adsorbed on charcoal (Darco G-60) 
and eluted with 50 per cent ethanol according to the procedure of Pontis, et al. 
(14). The alcoholic solution could then be applied directly to the column for 
subsequent anion exchange chromatography, or it could be used for paper 
chromatography after concentration in vacuo. 

Paper chromatography was carried out using the ascending technique with 
Whatman No. 1 filter paper. The following solvents were used: (1) 95 per 
cent ethanol—1 M ammonium acetate (pH 9.0) saturated with sodium tetra- 
borate, 70:30 (9): (IL) isobutyric acid—ammonium hydroxide—water, 66: 
1:33 (11, 17); (II]) 60 per cent ethanol containing 0.02 N acetic acid (8, 
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Fic. 1. Anion exchange separations of cytosine nucleotides. A. Separation 
of cytosine nucleotides from the original blood filtrate using formic acid as 
eluent. B. Separation of choline-containing cytosine nucleotides (X;) from 
ethanolamine-containing cytosine nucleotides (X:) using a pH 9.4 am- 
monium formate buffer as eluent. C. Separation of (CMP formed by hy- 
drolysis of dCDP-choline (dCDPC). Formic acid was used as eluent. D. 
Separation of (CMP formed by hydrolysis of dCcDP-ethanolamine (dCDPE). 
Formic acid was used as eluent. 
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17); and (IV) 95 per cent ethanol—1 M ammonium acetate (pH 7.5). 
70:30 (11). The position of the compounds on chromatograms was deter- 
mined by (a) ultraviolet light for compounds absorbing in the ultraviolet 
region of the spectrum, (b) ninhydrin (0.2 per cent ninhydrin in 95 per cent 
ethanol) for amino compounds and (c) the ammonium molybdate—perchloric 
acid spray reagent (5) for organic phosphate compounds. 


Results 


Preparation of the blood filtrate was carried out essentially as 
described previously (10). Since 1 liter of fresh human blood 
(2 donors) served as the starting material, a larger ion exchange 


column was used. Elution of cytosine nucleotides from this ion 


exchange column is shown in Fig, 1A. Fractions which contained 
cytosine nucleotides were pooled, lyophilized and rechromato- 
graphed using ammonium formate (pH 9.4) as the eluant solu 
tion as described by Kennedy and Weiss (8). The elution pattern 
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of Fig. 1B shows the separation which was obtained by this pro- 
cedure. In separate experiments using the same conditions, au- 
thentic CDP-choline and CDP-ethanolamine were eluted from 
the column in the positions occupied by Peaks X, and X; respec- 
tively. Nucleotides in each of the first two peaks °(X, and X, of 
Fig. 1B) were absorbed on charcoal and subsequently eluted with 
50 per cent ethanol. These two components were deposited sepa- 
rately along lines 8 to 10 cm. long at the base of two different 
sheets of filter paper. Authentic CDP-choline and CDP-ethanol- 
amine were also spotted on each chromatogram. Development of 
the chromatograms was carried out using the ethanol-ammonium 
acetate-borate solvent (Solvent I). Since borate forms a complex 
with ribose-containing nucleotides but not with deoxyribose- 
containing nucleotides, the results of these chromatograms 
(Table 1) indicated that each of the components of the ion ex- 
change profile contained both a cytidine nucleotide and a 
deoxycytidine nucleotide. The position of compound X,a cor- 
responded with the position of CDP-choline and compound X,a 
corresponded with CDP-ethanolamine. Compounds X,b and X:b 
on the paper chromatogram both gave a positive color test for 
deoxyribose by the cysteine-sulfuric acid test of Buchanan (4). 
The evidence that X,b is dCDP-choline and X.b is dCDP-ethanol- 
amine is presented in a subsequent section. The amount of cyto- 
sine nucleotide in each of the spots on the chromatogram was 
determined by eluting the compound from the chromatogram 


TABLE 1 


Separation of Deoxycytidine Nucleotides from Cytidine Nucleotides by 
Paper Chromatography* 





Test used for 
Component Ry spot detection 





spot a 0.39 ultraviolet 
spot b 0.63 ultraviolet and deoxyribose 
X, spot a 0.31 ultraviolet 


X 


1 


spot b 0.52 ultraviolet and deoxyribose 
CDP-choline 0.40 ultraviolet 
CDP-ethanolam:ine 0.30 ultraviolet 
dCMP 0.43 ultraviolet and deoxyribose 
CMP 0.21 ultraviolet 





* The ethanol-ammonium acetate-borate solvent was used (Solvent I). 
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followed by a determination of the ultraviolet absorption of the 
eluant solution. Corrections for the absorption due to ultraviolet 
absorbing material eluted from the filter paper were made by 
treating a black chromatogram in the same manner. With the 
choline-containing nucleotides (X,), 16 per cent of the total nu- 
cleotides were present in spot a (CDP-choline) and 84 per cent 
in spot b (dCDP-choline). With the ethanolamine-containing 
nucleotides (X.), 21 per cent of the total nucleotides were present 
in spot a (CDP-ethanolamine), and 79 per cent in spot b (dCDP- 
ethanolamine). Based on the above values, the concentrations of 
the individual nucleotides in pmoles per 100 ml. of erythrocytes 
in this particular pooled specimen are as follows: CDP-choline, 
0.24; dCDP-choline, 1.27; CDP-ethanolamine, 0.20; and dCDP- 
ethanolamine, 0.80°. The total of 2.51 »moles per 100 ml. of 
erythrocytes is slightly higher than previously reported values 
(10). 

Hydrolysis of Deoxycytidine Nucleotides. The deoxycytidine 
nucleotides (X,b and X.b) were subjected to acid hydrolysis (15 
min. at 100° in 1 N HCl) as described by Potter and Beuttner- 
Janusch (14). HCl was removed by lyophilization and the nu- 
cleotides were separated by ion exchange chromatography as 
shown in Fig. 1, C and D. In each case dCMP was recovered as 
a hydrolytic product. In addition, a portion of the original de- 
oxycytidine diphosphate compound was recovered unchanged. 
Deoxyribose determinations on the dCMP derived from X,b and 
from X,b gave, in both cases, deoxyribose: cytidine ratios of 1.06: 
1.00. The product of the reaction of the isolated (CMP with the 
cysteine-sulfuric acid reagent was examined with the spectro- 
photometer. The absorption curve exactly matched that which 
was obtained when authentic dCMP was treated in the same 
manner. Since the absorption maximum in each case was at 
474mp, this provides additional evidence that the sugar respon- 
sible for the color was deoxyribose. Fractions from the ion ex- 
change column which contained dCMP and the unchanged de- 
oxycytidine nucleotides were lyophilized separately and sub- 
jected to paper chromatography. The results of this study are 
shown in Table 2. It is apparent that the R; values of dCMP, 
which was produced by the hydrolysis of compounds X,b and 
X.b, were the same as those of authentic dCMP in each of the 
developing solvents. 
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TABLE 2 


R, Values of Deoxycytidine Nucleotides and Cytidine Nucleotides in 
Various Solvents 





Solvent System 





Compound Source II Ill 


CDP-choline Compound X,a 0.36 0.44 
CDP-choline Commercial 0.37 0.44 
dCDP-choline Compound X,b 0.46 0.50 
CDP-ethanolamine Compound X,a 0.30 0.33 
CDP-ethanolamine Commercial 0.30 0.34 
dCDP-ethanolamine Compound X.,b 0.35 0.42 
dCMP Hydrolysis of X,b 0.44 0.52 
dCMP Hydrolysis of Xb 0.45 0.52 
dCMP Commercial 0.43 0.52 
CMP Commercial 0.38 0.47 








The other products which were formed during the hydrolysis 
of X,b and X.b were eluted from the ion exchange column ahead 
of the cytidine nucleotides. These compounds, which did not ab- 
sorb light in the ultraviolet region of the spectrum, were sub- 


jected to paper chromatography using the isobutyric-ammonia 
solvent (Solvent II). The hydrolytic product of X.b migrated in 
the same position as authentic phosphorylethanolamine (R,; of 
0.34). Both compounds gave a positive ninhydrin test and a posi- 
tive phosphate test. The hydrolytic product of X;b gave a positive 
phosphate test and migrated in the same position as authentic 
phosphorylcholine (R; of 0.46). 


Discussion 


CDP-choline and CDP-ethanolamine which were isolated from 
erythrocytes have been shown to have the same properties as 
authentic CDP-choline and CDP-ethanolamine when subjected 
to ion exchange analysis with formic acid and pH 9.4 ammonium 
formate as eluant solutions. In addition, paper chromatography 
using four different solvent systems showed that the R; values 
of the isolated compounds were the same as those of the authentic 
compounds. Since these ribose-containing cytosine nucleotides 
have been found in many tissues and have been carefully studied 
previously (8), the above studies should satisfactorily establish 
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the two ribose-containing cytosine nucleotides of erythrocytes as 
CDP-choline and CDP-ethanolamine. 

The dCDP-choline and dCDP-ethanolamine which were iso- 
lated from erythrocytes were not separated from the correspond- 
ing ribose-containing nucleotides by the anion exchange pro- 
cedures which have been used. With paper chromatography, the 
isolated deoxycytidine nucleotides migrated at a faster rate in a 
borate-containing solvent than the corresponding cytidine nu- 
cleotides. Acid hydrolysis converted the deoxycytidine nucleo- 
tides to dCMP and a phosphorus-containing fragment. The iso- 
lated (CMP contained deoxyribose in amounts almost exactly 
equivalent to the deoxyribose in authentic (CMP. The other 
phosphorus-containing fragments which were produced in the 
hydrolytic cleavage of the isolated dCDP-choline and dCDP- 
ethanolamine were shown by paper chromatography to be phos- 
phorylcholine and phosphorylethanolamine, respectively. Conse- 
quently, these studies should satisfactorily establish the two 
deoxyribose-containing cytosine nucleotides of erythrocytes as 
dCDP-choline and dCDP-ethanolamine. 

Kennedy, et al. (7), recently found that dCDP-choline and 
dCDP-ethanolamine will serve as coenzymes in the biosynthesis 
of phospholipids by rat liver enzymes. However, despite the fact 
that dCDP-choline was fully as active as CDP-choline, the ratio 
of dCDP-choline to CDP-choline in rat liver was found to be 
about 1 to 30. This is in marked contrast to the present studies 
with erythrocytes where the deoxyribose compound was present 
in five times the amount of the ribose compound. Since phospho- 
lipids are present in considerable amounts in erythrocytes (12), 
deoxycytidine nucleotides probably serve as coenzymes in the 
biosynthesis of these phospholipids. 

Previously, deoxycytidine diphosphate compounds have been 
found only in tissues which contain large amounts of deoxy- 
ribonucleic acid (DNA) and hence large amounts of deoxynu- 
cleotides. Because of these findings, previous workers (7, 14) 
have suggested that these deoxycytidine diphosphate compounds 
were functional as coenzymes only in tissues which contain large 
amounts of DNA. Since erythrocytes contain no DNA, the above 
explanation for the presence in tissues of deoxycytidine diphos- 
phate compounds is certainly not valid for all tissues. Schneider 
(16) has shown that the predominant deoxynucleoside of rat 
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plasma is deoxycytidine. Deoxycytidine in other tissues is used 
directly for the synthesis of (CMP without a preliminary split- 
ting of the deoxyribose moiety (15). Based on the above findings, 
it may be postulated that erythrocytes synthesize the deoxycy- 
tidine nucleotides from the deoxycytidine which is readily avail- 
able to the erythrocytes by diffusion from the plasma. 


Summary 


Anion exchange chromatography and paper chromatography 
have been utilized to separate the cytosine nucleotides of ery- 
throcytes. Cytidine diphosphate choline, deoxycytidine diphos- 
phate choline, cytidine diphosphate ethanolamine and deoxycyti- 
dine diphosphate ethanolamine have all been identified as com- 
ponents of the cytosine nucleotide fraction. In marked contrast 
to previous studies with rat liver, the predominant cytosine nu- 
cleotides of human erythrocytes are those containing deoxyribose. 
The possible significance of these nucleotides in erythrocytes is 
discussed. 
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¢ All of the tests which were carried out on as X; indicate that it con- 
tains the same cytosine components as peak Xe. In addition, at least two 
amino acids and another phosphate compound were present in the fraction of 
peak X;. Apparently, the presence of one or more of these compounds was 
responsible for the partial separation of the X; cytosine peak from the X: 
cytosine peak. 


4 These calculations were made with the assumption that dCDP-ethanol- 
amine and CDP-ethanolamine are the only cytosine compounds in peak Xs. 
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EFFECTS OF CHLORPROMAZINE AND SEROTONIN ON 
THE CONTRACTILITY OF OLIGODENDROCYTES? 


TsUNEYUKI NAKAZAWA”:* 


Introduction 


In 1951 Lumsden and Pomerat (13) reported that oligoden- 
drocytes cultivated from the corpus callosum of the normal rat 
showed rhythmic contractility. Their analysis demonstrated that 
this contraction is temporally similar to that of smooth muscle 
cells. It consists of a protracted (diastole-like) expansion and a 
more rapid (systole-like) contraction, these phases lasting about 
3 and 114 minutes respectively. Similar observations were ex- 
tended to include cells from human cerebral and cerebellar cortex 
(17), chick embryo brain stem (15) and cat cerebellum (19). 
These findings based on non-mal:gnant tissue explants confirmed 
and extended the observations of Canti, Bland and Russell (5) 
for oligodendrogliomas cultivated in vitro. Similar tumor material 
was studied by Pomerat (22, 23) with the benefit of phase con- 
trast optics. 

Recently, significant work has been reported by Benitez, Mur- 
ray and Woolley (3) and by Murray (14) on the effect of Sero- 
tonin. Medmain and LSD-25 on the contractility of oligoden- 
drocytes from human fetal and newborn rat brain. They found 
that at concentrations of about 5 y/ml. Serotonin produced a 
prolonged contraction of oligodendrocytes reaching a peak with- 
in an hour, declining to disappear within 2 hours. Certain Sero- 
tonin analogues such as 1-methylmedmain antagonized this 
action of Serotonin. They suggested that just as the smooth muscle 
of intestine, uterus and arteries can be induced to contract at 
concentrations of the order of 0.1 y/ml., so also contractile oligo- 
dendrocytes can be activated. 

Chlorpromazine is generally regarded as an antagonist of this 
vasoconstrictor in vivo. It has been established that Chlorproma- 
zine antagonizes the Serotonin-enhanced blood pressure of the 
decapitated cat (11) and also enhances contraction of the uterus 
(2). 


The purpose of the present study was to extend observations 
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on the effect of Chlorpromazine aad Serotonin on the behavior 
of mammalian neuroglial cells with special reference to oligoden- 
drocytes in tissue culture, using periusion chamber technique 
and recording with phase contrast, time-lapse cinematography. 


Materials and Methods 

Tissue employed: Tissues were obtained from 9-10 day chick brain stem 
and spinal cord and from the thalamus of newborn kittens and puppies. While 
other areas might have been employed, the thalamus was selected for per- 
fusion chamber studies because it is an easily available single large subcortical 
nucleus without the complex tunctions of other brain stem nuclei and because 
it is presumed that Calorpromazine acts selectively on this area. 

Culture methods: Simple hanging drop preparations were used for toxicity 
studies. For perfusion chamber work explants of thalamus measuring about 
1 to 144 mm. side lengih were set up on 12x50 mm. coverslips of No. 1 thin- 
ness in a clot cons.sting of equal parts of heparinized cockerel plasma and 
embryonic extract. Three hours after explantation the coverslips were placed 
in roller tubes and 2 ml. of fluid nutrient medium were added. This consisted 
of 50 per cent human ascitic fluid, 45 per cent Gey’s balanced salt solution 
(BSS) and 5 per cent embryonic extract. The medium was enriched with a 
final concentration of 6 mg. per cent of glucose instead of the usual 1 mg. 
The roller tubes were incubated at 37°C. at 8 revolutions per hour for 5 to 24 
days. These culture periods were suitable to make available oligodendrocytes 
with active pulsatile movements. Preparations were fixed and stained accord- 
ing to Jacobson’s method. A total of more than 1650 explants were used for 
this study. 

Method of obtaining raw data: Perfusion chamber technique and time-lapse 
cine equipment have been described in various publications from this labora- 
tory (18). Using an 8 mm. objective and a 10X ocular, cultures were exam- 
ined to locate fields containing at least one oligodendrocyte. Occasionally as 
many as 10 were found, but the average number employed for counts was 
5 per field (see Figure 1). Moving picture records generally were made at 4 
or 8 frames per minute. 

Analysis of the time-lapse records permitted the enumeration of the con- 
traction rate of every oligodendrocyte in the field. The film sequences were 
subdivided into sections of 2 hours, and the total observation time did not 
exceed 6 hours. In each experiment the cells were in the glucose nutrient fluid 
for the first 2 hours. The second 2-hour period generally was used for contact 
with the drugs. During the third 2 hours the cells were reperfused with 
glucose nutrient fluid. Methods for drug toxicity screening are described in 
the section dealing with results. 

Drugs used: Chlorpromazine hydrochloride, pure crystal, and Serotonin 
creatinin sulphate were employed. Using fresh crystalline material 10 mg. 
were dissolved in 10 ml. of double-distilled water and the necessary dilutions 
were then made in the fluid culture medium immediately before use. Since 
experiments were not conducted for periods exceeding 8 hours, test solutions 
were not sterilized. 
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Fic. 1. Kitten thalamus—5-day culture showing pear-shaped oligoden- 
drocytes surrounded by a clear halo of light. Single 16 mm. film frame show- 
ing time record. the middle figure representing minutes. 


Results 


A. Contraction rates of untreated oligodendrocytes: 

In addition to the establishment of a base line for chemical 
experiments. it was considered important to accumulate statistic- 
ally significant data on oligodendrocyte contraction in relation 
to fundamental variables such as (a) possible differences between 
kitten and puppy material, (b) the age of the culture, and (c) 
length of residence in the perfusion chamber setup. 

A total of 155 oligodendrocytes (55 of kitten and 100 of puppy ) 
in 4 fields distributed in the frequency range of contraction 
rates during one hour are shown in Figure 2. The modal value 
(54) was found for the 8-10 contractions per hour. No significant 
difference in contraction frequency distribution was found be- 
tween kitten material and puppy (Figure 3). Figure 4 indicated 
no systematic trend in contraction rate as a function of three 
incubation periods in the course of observations covering 5 to 24 
days. Possible differences in cell viability as a function of length 


of residence was indicated by the frequency distribution of con- 
traction rates in each 2 hour period for runs of 8 hours using 31 
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oligodendrocytes (Figure 5). Rates for the first and the second 
2-hour periods were closely similar, falling in the third period, 
while the rate of the 6-8 hour run indicated damage due to a 
possible cumulative effect of illumination and of other factors, 
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Fic. 2. Contraction rate of oligodendrocytes from both kittens and puppies. 
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lic. 3. Contraction rates of oligodendrocytes from kittens versus puppies 
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Fic. 4. Contraction rates of oligodendrocytes as a function of culture incu- 
bation time. 
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Fic. 5. Contraction rates of oligodendroglial cells in relation to time of 


residence in perfusion chambers, 
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such as 0. depletion. Experiments in this report, therefore, were 
limited to observations during a 6-hour period. 


B. Toxicity of test chemicals: 


The criteria used for toxic effects ranged from increase in 
halation, shrinkage, vacuolization, withdrawal of processes and 
cytoplasmic bubbling until the appearance of large blisters con- 
taining granules in rapid Brownian motion (see Figures 6-11). 
Recovery was considered in terms of the degree of restoration of 
cells to their original appearance. 

For purposes of comparison with other data accumulated in 
this laboratory on the toxicity of chemicals to cells in culture 
(20), the hanging-drop culture method employing primary ex- 
plants of 9 or 10-day chick spinal cord were used (16). Data 
obtained with this method is reported in terms of the minimal 
dose for total inhibition of outgrowth (MID) and the least in- 
jurious dose (LID). 

Results obtained on the toxicity of Chlorpromazine expressed 
in ¥/ml. as a function of exposure time for both oligodendrocytes 
and astrocytes are shown in Figure 12. Each point in the figure 
was based on the observation of 20-100 oligodendrocytes and of 
approximately 50 astrocytes. Oligodendrocytes proved to be more 
sensitive to Chlorpromazine than astrocytes. Moreover, these 
showed very considerable individual variation in recovery after 
exposure to a particular dosage level. For example, at 25 y/ml. 
6 cells showed irreversible injury while 13 recovered. Since 
irreversible injury to oligos was produced by 25 y/ml. in approxi- 
mately 2 hours, values from 5 to 25 y/ml. were selected for subse- 
quent perfusion chamber cinematographic studies. 

By way of comparison, tests employing 10-day chick spinal 
cords were found by Pomerat, Finerty and Perry (21) to give a 
minimal inhibitory dose (MID) of between 78-39 y/ml. and a 
least injurious dose (LID) of 10-5 y/ml. These values were re 
checked with 10-day chick spinal cord and brain stem explants 
and found to be correct. 

The toxicity of Serotonin was determined with the use of 10 
day chick spinal cord and brain stem explants. On the basis of 
approximately 500 hanging-drop preparations, the MID was be 
tween 320-160 y/ml. and the LID 20-10 y/ml. For cine studies 
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Fics. 6-11. Progressive injury to oligodendrocytes in a 12-day culture of 
puppy thalamus following contact with Chlorpromazine at 25 y/ml. The 
scale of magnification is shown in the upper left area of figure 6. The time 
lapse following contact with the drug is given in the upper right field. 
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Fic. 12. Toxicity of Chlorpromazine to oligodendrocytes and astrocytes. 


it was decided to use the value of 10 y/ml. since this appeared 
to lie just outside of the zone of injury. 


C. Response of oligodendrocytes in perfusion chambers to Chlor- 
promazine and Serotonin. 


Cine records of cultures perfused with nutrient medium con- 
taining 5, 10 or 25 y/ml. of Chlorpromazine showed rapid shrink- 
age and bubbling of the cytoplasm quickly followed by an accele- 
ration of the rate of contraction of all cells, Occasionally, some 
cells appeared to develop a marked rocking movement. Under the 
conditions of these experiments and due to the variability of 
response, it was not possible to distinguish differences between 
the effect produced by 5, 10 or 25 y/ml. and, therefore, these data 
have been pooled in the results presented in Figure 13. 

Before treatment, the most frequent contraction rates were 
between 8 and 13 per hour. During the treatment period this 
increased to the 17—19 level. Following the removal of the drug 
(4th-6th hour) the value returned to the pretreatment level. 
Individual cells showed a wide variation in the increase of the 
contraction rate (from 20 to 25%) irrespective of dosage. 

While Serotonin at 10 y/ml. also increased the frequency of 
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Fic. 13. The effect of Chlorpromazine on the contraction rates of oligoden- 
drocytes. 


contractions, the removal of the drug was not accompanied by a 
return to the initial level as had been observed for the Chlorpro- 
mazine (see Figure 14). Morevover, in contrast to Chlorproma- 
zine, the time required before a reaction was observed was slower 
and more variable with Serotonin and was not accompanied by 
the phenomenon of cytoplasmic bubbling. 

The combination of Chlorpromazine at 25 y/ml. and Sero- 
tonin at 10 y/ml. introduced in the perfusate during the treat- 
ment period showed no increase in the activity of contracting 
oligodendrocytes (see Figure 15). It appears, therefore, that 
these substances act antagonistically under these conditions. 

In two experiments cells were in contact for the first 30 or 60 
minutes with Chlorpromazine at 25 y/ml. and then perfused with 
nutrient fluid containing 10 y/ml. of Serotonin. Under these 
conditions the acceleration in the contraction rate induced by the 
Chlorpromazine was quickly reduced to the original level. 

At the concentrations employed for the study of these drugs, 
reactions on oligodendrocytes in vitro were not seen to affect 
macrophages and connective tissue cells. However, jerky move- 
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Fic. 14. The effect of Serotonin on the contraction rates of oligodendrocytes. 
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Fic. 15. The effect of a combination of Chlorpromazine and Serotonin on 
the contraction rates of oligodendrocytes. 





62 Nakazawa 


ments were sometimes observed in astrocytes, but these effects 
have not yet been systematically analyzed. 


Discussion 


It has been shown that the effect of Chlorpromazine on 
oligodendrocytes began with cytoplasmic bubbling which was 
rapidly followed by an increase in the rate of contraction of all 
cells without a latent period. After the removal of the drug the 
contraction rate returned to the original level. These reactions 
were correlated with the dosage of Chlorpromazine. Contraction 
rates of oligodendrocytes were not influenced at less than 5 y/ml., 
increased by 5 to 25 y/ml. and decreased to complete arrest at 
dosages higher than 25 y/ml. leading to cell death. 

The relation between the rate of contraction of oligodendroglial 
cells and concentration of Chlorpromazine finds parallels in other 
pharmacological reports. Using brain homogenates, frozen sec- 
tions and mitochondrial preparations, treatment with Chlorpro- 
mazine at concentrations of 32 to 3.2 y/ml. increased the oxida- 
tion of glucose, while at a concentration of 320 y/ml. the oxidation 
was decreased. On the same materials the formation of lactic acid 
was increased when treated with 128 y/ml., whereas at any con- 
centration lower or higher the formation of lactic acid was de- 
creased (4. 6, 7, 9, 12). From results obtained in vitro it was 
established that respiratory metabolism, such as the oxidation of 
glucose and racemic tartaric acid, was increased in brain test 
materials by using suitable concentrations of Chlorpromazine. 
The result of increased contraction rates found in cultivated 
oligodendrocytes after treatment with Chlorpromazine might also 
be related to respiratory metabolism. 

In comparing the effect of Serotonin on oligodendrocytes with 
those obtained with the use of Chlorpromazine, three points of 
difference are encountered. First, Serotonin treatment produces 
no cytoplasmic bubbling; second, although there is an increased 
contraction rate, the reaction to the drug ‘s delayed and the con- 
tractions seem to be asynchronous; third, the basal rate of normal 
contraction was not observed after treatment for 2 hours with 
10 y/ml. of Serotonin and the return to fresh medium. The 
delayed reaction of the drug had no effect on the final rate of 
contraction, Murray (14) reported that after treatment with 
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Serotonin the action of the oligodendrocytes appeared to be 
asynchronous but that each individual cell seemed to command 
its own rhythm. When Serotonin and Chlorpromazine are per- 
fused simultaneously there seems to be an antagonistic effect, 
since accelerated contractions of oligodendrocytes do not occur 
in contrast to the results obtained when the drugs are perfused 
separately. 

These results are supported by reports in the literature in 
which the blood pressure of a decapitated cat (1), the contraction 
of intestine in vitro (2) and of the uterus (8) have been employed 
as test preparations. 

Since the oligodendrocyte is believed to be the most numerous 
cell in the brain and to have a higher oxidation metabolism in 
comparison with other kinds of cells (10, 24), the effect of psycho- 
tropic drugs on the behavior of this element is of special interest. 
The brain is known to retain a higher concentration of Chlor- 
promazine than other tissues when it is administered orally and 
by intramuscular injection (25). 


Summary 


Using oligodendrocytes from mammalian thalamus cultivated 
in vitro, contraction rates after treatment with Chlorpromazine 
and Serotonin were found to show a marked increase. Simul- 
taneous treatment with Chlorpromazine and Serotonin appeared 
to antagonize the effects produced by these drugs when perfused 
separately. 
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PHASE CINEMATOGRAPHY STUDIES ON THE 
EFFECTS OF RADIATIONS AND CHEMICALS 
ON THE CELL AND THE CHROMOSOMES* 


II. FoRMATION OF ANUCLEAR Bups, CONTINUATION OF 
CHROMOSOME STICKINESS AND FORMATION OF AN 
Accessory NUCLEUS IN GRASSHOPPER 
SPERMATOCYTES FOLLOWING 
X-IRRADIATION 


YasusH1I OHNUKI AND SAJIRO MAKINO? 


In recent years, with the use of the tissue culture method, re- 
cording radiation injury by phase cinematographic technique 
has gained increasing attention of investigators. This method was 
employed in order to determine how injurious effects are pro- 
duced by radiations on living systems and/or to analyse the 
functions of various cell structures. The first report of this series 
described several types of X-ray induced mitotic abnormalities in 
grasshopper spermatocytes together with the normal course of 
the first division which was observed by means of the phase 
cinematographic technique (Ohnuki, 1958). In the present study 
the authors wish to analyse, in some detail, the following X-ray 
induced mitotic aberrations in grasshopper spermatocytes: dis- 
turbance of the spindle mechanism resulting in the formation of 
anuclear buds, continuation of chromosome stickiness in two 
meiotic divisions, and behavior of chromosome fragments in re- 
lation to the formation of accessory micronucleus. 


Materials and Methods 


The major portion of this study was carried out with the first and second 
spermatocytes of the grasshopper, Podisma sapporense. The supplementary 
data were obtained from three other species: Chrysochraon japonicus, Chor- 
thippus bicolor, and Oxya yesoensis. The observations were carried out with 
the use of the hanging-drop method according to Makino and his co-workers 
(Makino and Nakahara, 1955 a,b; Makino and Nakanishi, 1955, 1956). A 
dosage rate of 17.8 r per minute was obtained as follows: the X-ray tube was 
run at 140 kvp and 3 mA with a filtration of 0.3 mm Cu plus 0.5 mm Al at 
the focal distances of 23 cm. Doses of 50, 100, 200, 300, 500, 600 and 800 r were 
given with the whole body exposure. Observations were made at 4, 6, 8, 12, 
18, 24. 36, 42. 50 and 63 hours after irradiation. All cine records were made 
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with Sakura Neopan SS 16 mm films, with a 25x dark contrast objective in 
combination with a “Zoom lens” as an eyepiece, at various magnifications 
ranging from 1x to 8x, with the aid of a ‘Mikro-Kino-Kamara’ (Zeiss). The 
sequences were taken at 8 and 15 frames per minute at a room temperature 
of 22°-26° C with the shutter speed at 2 seconds. 


Results 


Twenty examples of X-ray induced mitotic irregularities were 
recorded by phase cinematography. Seven examples were derived 
from the samples taken within 10 hours after irradiation. A re- 
markable irregularity observed in them was the stickiness of 
chromosomes to a greater or lesser degree. Evidently X-ray ir- 
radiation is very effective in producing stickiness of chromo- 
somes. Almost all dividing cells showed sticky chromosomes in 
greater or lesser degree at first metaphase and anaphase when 
observed after rather short duration times following irradiation 
with comparatively higher dosages (Ohnuki, 1958). Stickiness 
of chromosomes inducedbridges or irregular chromosome aggre- 
gations, inhibiting anaphase movement by disturbance of the 
spindle mechanism. 

Thirteen examples were obtained from the samples taken 24 
hours or more after treatment. Fragmentation of chromosomes 
was a common irregularity found in them. The course of forma- 
tion of micronuclei was traced successively in single cells. 

Details will be described under the following three headings. 


1. Disturbance of the spindle mechanism resulting in the for- 
mation of anuclear buds. 


Certain irregularities were observed in samples taken about 4 
hours after 600 r exposure. At first anaphase, the chromosomes 
began to migrate to the poles to some extent (Figs. 1-3) but due 
to the great stickiness of the chromosomes and the disturbance in 
the regular progress of spindle behavior, probably as a secondary 
effect of X-rays, the chromosomes completely failed to reach the 
poles and gradually aggregated with each other. Later, they 
clumped into a mass. However, the mitochondria seemed to re- 
main unaffected and elongated into a few bundles, pushing out 
the cell surface at two points (Figs. 4-5). This resulted in the for- 
mation of two small anuclear buds containing neither nuclear 
components nor chromosomal elements (Fig. 6). Superficially, 
the irregularity here observed is apparently of a similar nature 
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Fics. 1-6. Successive stages showing the formation of anuclear buds. From 
16 mm cine film. x715. 

Fic. 1. Metaphase (taken 210’ after preparation). 

Fics. 2-3. Anaphase. 

Fics. 4-5. Telophase (235’-245’). 

Fic. 6. Two anuclear buds were formed (280’), as indicated by arrows. 


to that induced in grasshopper spermatocytes by caffeine (Naka- 
hara, 1952), acriflavine (Makino and Nakanishi, 1956), and 
sarkomycin (Ohnuki, 1956). 


2. Continuation of chromosome stickiness. 


The following irregularity was observed in samples taken 
about 10 hours after irradiation with 300 r (Figs. 7-8). In cells 
in which the spindle mechanism seems to remain mostly un- 
affected, though not completely so, most chromosomes began to 
migrate to the opposite poles at first anaphase, but they formed 
two or three thick sticky bridges which probably resulted from 
a higher degree of stickiness (Figs. 8-11). The spindle mecha- 
nism seemed to remain mostly unaffected, and the cell body 
elongated along the spindle axis. The mitochondria also seemed 
to show regular behavior elongating into bundles. The cleavage 
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Fics. 7-18. Successive stages showing the behavior of sticky chromosomes, 
from first metaphase to second anaphase. From 16 mm. cine film. x450—670. 

Fic. 7. First metaphase. 

Fic. 8. Onset of anaphase. 

Fics. 9-11. Formation of sticky bridges. 

Fic. 12. First telophase. 

Fic. 13. Interphase. 

Fics. 14-15. Second prophase. 

Fic. 16. Second metaphase. 

Fics. 17-18. Second anaphase. 


furrow imperfectly cut the cell body into two parts of nearly 
equal size (Figs. 12-13). The bridges remained inseparable at 
late telophase, but their visible traces were lost from sight at 
interphase. About 6 hours later, the chromosomes appeared in a 
rather regular manner in the second prophasic nuclei (Fig. 14). 
At second metaphase, however, they showed stickiness to a con- 
siderable degree (Figs. 15-16). At anaphase, heavy sticky bridges 
formed again in the two second spermatocytes, resulting in a dis- 
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turbance of the second division leading to the partial failure of 
chromosome separation (Figs. 17-18). 

It is apparent from these results that chromosome stickiness 
induced by X-irradiation in the first meiotic division had not been 
overcome during interphase as it appeared again at the second 
division. 

3. Behavior of chromosome fragments in relation to the develop- 
ment of an accessory micronucleus. 


In one of the spermatocytes which was examined about 24 
hours after 300 r exposure, the behavior of chromosome frag- 
ments in relation to the formation of an accessory nucleus was 
observed in the course of the first division. With the onset of the 
chromosome separation at anaphase, a chromosome bridge of 
slender outline appeared between the chromatids of a single bi- 
valent. At telophase an acentric fragment was left behind the 
separated chromosomes (Figs. 19-22). The fragment was drift- 
ing about inside the mitochondrial bundles showing neither defi- 
nite orientation nor anaphase movement to one of the poles (Figs. 


Fics. 19-26. Successive stages showing the behavior of a chromosome frag- 
ment in relation to the formation of a micronucleus. From 16 mm cine film. 
x460. 

Fic. 19. Metaphase (taken 15’ after preparation). 

Fic. 20. Onset of anaphase (25’). 

Fics. 21-23. A fragment drifting about in the cytoplasm. Fic, 22—38’. 

Fics, 24-26. Telophase. Fic, 24-—50’; Fic, 25—70’. 

Fic. 26. A micronucleus formed by the fragment (arrow) (110). 
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92-94). The mitochondria elongated into a few bundles and the 
cleavage furrow appeared cutting the cell body into equal halves 
across the middle portion of the bundles (Figs. 22-25). The 
chromosome bridge showed elongation into a very slender thread- 
like body during the elongation of the cell body along the spindle 
axis, but it was not cut at all until late telophase (Figs. 24—25). 
The fragment was squeezed into one of the daughter cells by the 
cleavage furrow, and later it developed into an accessory micro- 
nucleus in the upper daughter cell (Figs. 24-26). A similar be- 
havior of micronuclei was followed by Bloom et al. (1955) 
through the phase cinematographic technique in culture cells of 
newts by the use of proton microbeams. 

The behavior of three fragments, slightly different in detail 
from that observed above, was also recorded in one of the first 
spermatocytes observed about 60 hours after 300 r irradiation 
(Figs. 27-34). At anaphase, three small fragments showing an 
oscillating movement were drifting about outside the spindle area 
in the cytoplasm (Fig. 27). Two of these suddenly fused and 
shortly thereafter they also fused with the third fragment (Figs. 
28-31). The large fragment thus formed was finally squeezed 
into one of the daughter cells by the cleavage furrow at telophase 
and formed a single accessory nucleus (Figs. 32-34). 

In the present observations, the behavior of a chromosome 
fragment (and fragments) was followed sequentially in a single 
cell during the course of the development of an accessory micro- 
nucleus. 


Discussion 


In the present study the authors have recorded by phase cine- 
matography three mitotic events induced by X-rays in grasshop- 
per spermatocytes: 1) the stickiness of chromosomes and the for- 
mation of anuclear buds through the disturbance of spindle mech- 
anism; 2) the continuation of chromosome stickiness; 3) the for- 
mation of a micronucleus by chromosome fragments. 


The stickiness of chromosomes was common in the samples 
when observed at rather early intervals after X-radiation with 
comparatively higher dosages. It was shown in the present experi- 
ment that stickiness of chromosomes inhibited their anaphase 
migration due probably to the disturbance of the spindle mech 
anism, while the elongation of mitochondria seemed to remain 
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Fics. 27-34. Successive stages showing the behavior of three fragments 
(arrows) and the formation of a micronucleus. From 16 mm. cine film. x460. 

Fic. 27. Anaphase showing three fragments, as indicated by arrows (taken 
27’ after preparation). 

Fic. 28. Fusion of two fragments. 

Fics. 29-31. Fusion of the fused fragment with the third fragment. Fic. 
31-—63’. 

Fics. 32-34. Telophase. The fragment was squeezed into one daughter cell 
and formed an accessory micronucleus (arrow). Fic. 32—80’, Fic. 33— 
88’, Fic. 34—105’. 


unaffected leading to the formation of two small anuclear buds. 
A series of experimental studies with chemicals by Nakahara 
(1952), Makino and Nakanishi (1956) and Oknuki (1956) have 
demonstrated (A) that in untreated grasshopper spermatocytes 
the mitochondria elongate into bundles at telophase, stretching 
between the telophase nuclei, while a cleavage furrow is formed 
across the middle portion of the mitochondrial bundles; (B) that 
the movement of the chromosomes to the opposite poles is in- 
hibited by caffeine, acriflavine, or sarkomycin, while the mito- 
chondria regularly elongate into bundles and lead to the forma- 
tion of a cleavage furrow resulting in constricting off two small 
anuclear buds from the mother cell; and (C) that in benzol- or 
phenol-treated material the chromosomes can move regularly 
to opposite poles after separation whereas the mitochondria are 
inhibited from elongating, and the cleavage furrow is not formed 
at all. Evidence thus presented suggests that mitochondrial elon- 


gation is closely associated with the formation of a cleavage fur- 
row in cell division, implying that the part played by the mito- 
chondria in cell division is important. It is interesting to note 
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that a feature involving a similar function has also been induced 
by X-rays in the grasshopper spermatocytes. Probably the elon- 
gation of the mitochondria induces cell elongation which, in turn, 
causes sufficient tension to distort the cell wall, resulting in the 
subsequent formation of a cleavage furrow. 

In the present experiments the investigators were successful in 
following the sticky effects of X-rays on the chromosomes suc- 
cessively in a single cell through the changes from first meta- 
phase to second telophase (Figs. 7-18). The sequence demon- 
strates that X-ray irradiation effects observed in the first meiotic 
division were not lost during interphase but continued to in- 
fluence the second division. Darlington and La Cour (1953), 
working with fixed pollen mother cells of some plants, have con- 
cluded that the metaphase and anaphase effects of X-ray irradi- 
ation in the first meiotic division are not overcome in interphase 
but appear again at the second division. The present cinemato- 
graphic observations provide evidence in direct support to the 
views of Darlington and La Cour (1953) which was based on the 
study with fixed material. 

Most authors, who have dealt with the influence of radiations 
on cells and chromosomes, have described the fragmentation of 
chromosomes and the occurrence of accessory micronuclei in 
fixed material. Thus, the whole process of the micronuclear for- 
mation has remained mostly unexplored in living cells. Working 
with cultured newt cells following proton irradiation, Bloom. 
Zirkle and Uretz (1955) followed sequentially the behavior of 
chromosome fragments which resulted in the development of 
micronuclei. In the present study the authors successfully re- 
corded by phase cinematography the formation of a micronucleus 
by tracing the behavior of a chromosome fragment (and frag- 
ments). The evidence presented by these investigations is, there- 
fore, important in supplementing the earlier results of fragmen- 
tary observations with fixed material. 


Summary 


In living grasshopper spermatocytes which were exposed to 
X-rays, the following mitotic abnormalities were studied in some 


detail by phase cinematography: 1) the stickiness of chromo 


somes and the disturbance of the spindle mechanism resulting 
in the formation of anuclear buds, 2) the continuation of chromo- 
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some stickiness, and 3) the behavior of chromosome fragments 
in relation to the development of an accessory nucleus. 
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METHODS FOR RAPID RESTORATION OF 
BLOOD FLOW IN VASCULAR SURGERY 


Epcar J. Potro 


It is frequently advantageous, and on occasion imperative, not 
to interrupt the blood supply to portions of the body at their nor- 
mal temperatures even beyond a few minutes as in the case of the 
central nervous system. It is desirable, therefore, to have avail- 
able procedures allowing resection and replacement of vascular 
segments which necessitate neither long circulatory interruption 
nor hypothermia. Non-suture techniques described by Payr as 
early as 1900, Lespinasse, Fisher and Eisenstaedt in 1910 and 
Blakemore, Lord and Stefko in 1942 permitted rapid reestablish- 
ment with only brief interruption of circulation. LeVeen (1949) 
described a “Murphy Button” type technique. Unfortunately. 
these procedures too frequently resulted in damage to the vessel 
walls with subsequent thrombosis because extraneous, foreign 
substances were left to encircle the blood vessels at the anasto- 
motic site. 

The basic techniques of vascular suture were established by: 
1) Jassinowsky (1889) using a subintimal suture; 2) Jaboulay 
and Briau (1896) employing an interrupted, everting, mattress 
stitch; 3) Clermont (1901) Dorrance (1906) introduced the con- 
tinuous everting mattress suture; and 4) Carrel (1902) described 
his over-and-over continuous stitch. 

The author, while a National Research Council Fellow in 
Medicine at Stanford University School of Medicine (1932) per- 
fected and applied a procedure combining the basic principles of 
non-suture technique to reestablish the circulation with minimal 
interruption of the circulation and the suture techniques with 
accurate vascular anastomosis and removal of the temporary 
splint used. This simple technique is quite flexible and permits 
use of any type of continuous or interrupted suture. Figures 1—5 
illustrating these techniques using the removable “split cannulae’ 
are reproduced as they appeared in publication in 1949—seven- 
teen years after their successful application, 


Interest in vascular suture had by then become great with the 





Fic. 1. These splint cannulae are constructed of annealed brass, in various 
sizes, d2pendent upon the size of blood vessel to be sutured. Cannula A is de- 
signed for a single anastomosis. Cannula B is used when a short segment of 
vessel is to be implanted across a defect. If a longer segment is to be trans- 
ferred. a type A cannula is used at either end of the transplant. The cannulae 
are split to enable their expansion and removal. The handles on the cannulae 
facilitate manipulation. 


appearance of a number of publications. Johns (1947) con- 
sidered the suture methods superior to the non-suture methods of 
anastomosing veins. Shumacker and Lowenberg (1948) con- 
cluded that the best results were obtained with an everting stitch, 
either interrupted or continuous. In discussing these questions 
the size of the blood vessels being sutured must be kept in mind. 
It will not be the purpose of this discussion to review the overall 
subject of vascular suture. but rather the more restricted area of 
suture techniques permitting reestablishment of circulation be- 
fore the anastomosing suture is completed. 

Recently further publications dealing with the rapid reestab- 
lishment of circulation and delayed suture of the vessels has 
appeared. The principles involved were the same. The changes 
were modifications of the removable external cannulae by Kelly 
and Alden (1955), Fryfogle, Small Sternborg and Samberg 
(1955), Diaz de Villegas (1946), and Webb, Howard and Neely 
(1959). These modifications can best be demonstrated by the 
reproduction of pertinent figures in the articles, (Figures 6 and 
7). 

Androsov (1956) presented an apparatus for the rapid anas- 
tomosis of blood vessels by stapling with tantalum clips. Un- 
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Fic. 2. A shows a blood vessel threaded onto a cannula and held in place 
with ligature B. B indicates the manner of completing the junction between 
the vessel ends secured by ligature A. At this stage the blood flow is re- 
established. C and D and the sectional insert illustrate the details by which 
a continuous vertical mattress suture is applied. Sharp angulation of the 
cannula and vessel permits introduction of the needle. E and F demonstrate 
the manner by which the splint-cannulae are removed. This type of vertical 
suture has the advantage that it allows expansion at the line of anastomosis. 
Obviously, this suture could be interrupted. 


fortunately the equipment is quite complex and the published 
description too vague to permit reproduction. The apparatus is 
not to my knowledge available in America, but it appears that the 
vessels are occluded during the period the apparatus is attached 
and the length of circulatory interruption is relatively brief since 
the stapling can be done rapidly. 

These temporary cannulae find their principal application in 
the rapid introduction of small thin walled prostheses, artificial 
or natural, because thick-walled tubes cannot be everted over the 


ends of the cannulae readily without the immediate obstruction 


of the lumen, because they are threaded inside the cannulae, Fur 
thermore, a thick-walled vessel everted over a cannula makes 
the outside diameter so great that the composite cannot be 
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Fic. 3. Demonstration of the introduction of two rows of a circular mat- 
tress suture. The ridges on the cannula raise the wall of the vessel free from 
the cannula, to insure penetration of both walls of the blood vessels. Two 
rows of sutures are required to control bleeding. These circular sutures do 
not allow the vessels to expand at the site of anastomosis. This procedure is 
best suited to the anastomosis of veins, because the thickness of an arterial 
wall results in the individual suture bites being too long. The anastomosis 
is reinforced by the vascular cuff which overlays the line of suture. 


serted into the lumen of the corresponding vascular segment to 
be sutured. 

The limitation of these procedures requires other attacks and 
promoted the following adaptation of temporary conduits when 
dealing with large, thick-walled arteries such as the aorta. It is 
particularly important to avoid suturing by-passes into vessels 
which are to be preserved especially since these arteries are dis- 
eased to a greater or lesser degree. Many operations involving ex- 
tensive vascular replacements are long and any saving of time 
is important. It is not imperative to supply full physiologic vol- 
ume circulation to vital viscera for the limited period of the op- 
eration, but rather sufficient blood supply to avoid death of the 
tissue. Such a by-pass system of polyviny! tubing can be tempo- 
rarily carried through the lumen of the large replacement pros- 
theses. While hypothermia can be applied quite successfully, it 
is admittedly non-physiological and troublesome. If such pro- 
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Fic. 4. An illustration of the application of the splint suture technique to 
thick-walled arteries. C shows the temporary ligatures in place. In B the 
ligature A is being removed to permit suturing, as indicated in D and the 
cross-sectional insert. E demonstrates the removal of the expanded cannula 
and the completed suture. Obviously, the suture employed here may be con- 
tinuous, interrupted, over-and-over, or mattress in type. The mattress suture 
could be reinforced by an over-and-over stitch if desired. 


6 


Fic. 5. Illustration of the use of the double cannula. Any of the suture 
types (shown in Figs. 2, 3, and 4) can be used. This cannula is best suited for 
implantation of short segments of vessels, as may be indicated in coarctation 
of the aorta, One is rather surprised by the ease and rapidity with which the 
various types of sutures can be performed. The procedures are particularly 
atraumatic. 
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cedures can be eliminated, simply and safely—naturally they 
should be. ; 

The method of partial temporary by-pass and technique by 
which it is accomplished is illustrated in Figure 8. The length of 


wd 
is 

















Fic. 6. Showing steps in arterial anastomosis over the removable pros 
thesis. 


BREAKING THE PROSTHESIS 
WITH SHARP INSTRUMENT 
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SIRT RET BRETT mT ROOUCED THROUEH Toe TuRES 


enart® cues traetee 
Fic. 7. Illustrating the split cannula suggested by Leopoldo Diaz de Ville- 
gas, M. D., Havana, Cuba. 
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Fic. 8. Illustrating the temporary indwelling by-pass. 
I. A schematic drawing of the temporary polyvinyl by-pass through the 
appropriate prostheses. 


II. Illustrating the clamping mechanism by which the by-pass is held in 
the proximal arterial segment. No suturing is required. Any other method 
of occlusion can be used. 

III. The prosthesis and by-pass are in place and can b2 laid to one side 
to permit rapid removal of the aneurism involving the hepatic, superior 
mensenteric and both renal arteries. Branches of the by-pass are connected 
to the distal ends of these arteries and blood flow established. The prosthesis 
is sutured to the proximal aortic stump. The clamp can be removed and the 
prothesis filled with blood. 


IV. The branches are progessively anastomosed and each branch of the 
by-pass can be connected to deliver blood into the distal aorta as r°construc- 
tion proceeds. Finally, the by-pass is slipped out of the prothesis and the pros- 
thesis is sutured to the distal segment of the aorta. There has not been pro- 
longed interruption of circulation to the vital organs or the lower extremities 
regardless of how long the entire procedure has been. The operation can pro- 
ceed under normo-thermic conditions. 


interruption of sustaining circulation to vital organs and the 
lower extremities is sufficiently brief so as not to require hypo- 
thermia or speed in execution of the prolonged procedure. This 
procedure allows a deliberate approach towards a long hazardous 
operation under relatively normal physiologic conditions. 

The selection of the split cannulae for small, thin-walled vessels 
or the temporary, internal by-pass for large calibre, thick-walled 


arteries provides basic procedures by which interruption of circu 
lation can be brief and sufficient time can be taken to accomplish 


classical suture anastomosis under normal physiologic conditions 
after blood flow has been reestablished. 
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ALCOHOL-ALDEHYDE TRANSHYDROGENATION WITH 
LIVER ALCOHOL DEHYDROGENASE* 


Hetmut M. Rebetzk1” 


Transhydrogenation appears to be an important biological 
process which is associated with mitochondrial elements of the 
cell as well as with soluble enzyme fractions. Pyridine nucleotide 
transhydrogenation is effectively catalyzed by dehydrogenases 
which have dual specificity for DPN‘ and TPN (8, 14, 6) but it 
may also be achieved by a direct action of specific enzymes (3, 
7). Substrate transhydrogenation (11) may likewise be a bio- 
logical function of dehydrogenases with group specificity rather 
than strict substrate specificity. 

In the present report some general properties of transhydrog- 
enation were investigated with crystalline LADH. Ethanol- 
glyceraldehyde transhydrogenation was investigated in connec- 
tion with studies of alcohol metabolism in the rat; ethanol-pro- 
pionaldehyde transhydrogenation was chosen as model in order 
to examine the thermodynamics of the reaction. 


Experimental 
Materials 


DPN* and DPNH were obtained from Sigma Chemical Company, purity 
90-94%, as estimated spectrophotometrically at 340 my with YADH. 

DL-Glyceraldehyde (Nutritional Biochemical Corporation) and D-gly- 
ceraldehyde (California Corporation for Biochemical Research) were assayed 
enzymatically at pH 7.2 with LADH and DPNH. Purity: DL-form 86%, 
D-form 90%.? 

Crystalline YADH (Sigma Chemical Company) and LADH (Worthington 
Biochemical Corporation) were recrystallized and dialyzed against M/15 
phosphate buffer pH 7.3. 


Methods 


All experiments were performed in phosphate buffer of the same ionic 
strength («4 = 0.133). The reaction rates were recorded spectrophotometrically 
at 340 mu. Protein concentrations were estimated by means of the biuret 
reaction. Ethanol was estimated enzymatically with YADH (12). 





Redetzki 
Results and Discussion 


Transhydrogenation in the ethanol-propionaldehyde system. 


The ethanol-n-propionaldehyde system is suitable for general 
studies of transhydrogenation since n-propionaldehyde is rapidly 
reduced by LADH and DPNH. The reaction can be formulated: 


LADH 
ethanol + DPN* = _ acetaldehyde + DPNH + H?* (1) 
LADH 
n-propionaldehyde + DPNH + H* = _n-propanol + DPN* 2) 


ae LADH 
Sum: ethanol + n-propionaldehyde = _ acetaldehyde + n-propanol 





The experiment recorded in Fig. 1 strongly suggests that etha- 
nol-propionaldehyde transhydrogenation takes place in anisolated 
system. The extent of transhydrogenation exceeds the indicated 
reoxidation of DPNH (drop in optical dens'ty) because DPN+ 
re-enters the reaction. The final equilibrium is determined by the 
concentrations of two pairs of substrates, as indicated in the over- 
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Fic. 1. Ethanol-propionaldehyde transhydrogenation, Optical density plotted 

against time, wavelength 340 my, lightpath 1 cm, vol. 2.31 ml., phosphate 

buffer pH 7.37, u — 0.133. Concentrations at start: DPN* 0.483 mM, ethanol 

74.3 mM. propionaldehyde 1.0 mM, LADH 8 #g/ml. -— —.- the hydrogen 

acceptor is added after the equilibrium of reaction 1 (with ethanol) is 


reached; - - all substrates are present at the start to give the final 
equilibrium directly, 





Alcohol-Aldehyde Transhydrogenation 85 


all reaction. The concentrat:ons at equilibrium, expressed in the 
mass formula, would be 
[acetaldehyde] [propanol } 





* [ethanol] [propionaldehyde } 
where K, is the equilibrium constant of the overall reaction. In 
dealing with a combination of two reactions, K. is given by the 
values of the equilibrium constants of these reactions 
K, 
K.= 
K, 
in which 
| acetaldehyde | {| DPNH} 
| ethanol [DPN + ] 





K. = [propionaldehyde] [DPNH] 
[ propanol | {DPN +] 

Data for K, have been reported. With low enzyme concentra- 
tions closely corresponding values were obtained regardless of 
whether the estimations were based on mass equation (2) or on 
rate constants (15). The K,’s reported in Table 1 were estimated 
in the forward reaction (ethanol + DPN+t+) at 25°C. K, was 
estimated with n-propanol and, like K,, was independent of the 
hydrogen ion concentration. Using the mean values of 1.12 x 
107! M/1 for K,° and 0.77 x 107"? M/I for K,, K. becomes 1.46, 
indicating a readily reversible reaction. 

Under conditions where all DPN is in the oxidized state the 
equilibrium concentration of one substrate must be known in 
order to obtain the concentrations of the others. If at equilibrium 
a measurable fraction of DPN remains in the reduced state, the 
substrate concentrations may be predicted from the rearranged 
mass formulas: 

| acetaldehyde | K, [DPN + ] 
(ethanol] {H*+] [DPNH] 
[ propionaldehyde | K, [DPN * ] 
| propanol | {H+] [DPNH] 
in which the equilibrium constants and the hydrogen ion con- 
centration are known and the DPN+/DPNH ratio, a common 





factor in both equations, is measurable spectrophotometrically. 
The validity of the thermodynamic formulation was tested at 
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different hydrogen ion concentrations. In one set of experiments 
the reaction was recorded in two stages, as indicated in Fig. 1. In 
another set all substrates were added simultaneously and the re- 
action was started with LADH to give the final equilibrium 
directly. Both procedures gave identical results, thus demonstrat- 
ing that equilibrium conditions are readily obtained in spite of 
the complicated sequence of enzyme-substrate combinations (9). 
Table 1 lists the substrate concentrations at the start and at 
equilibrium, calculated by using the mean values of K, and K,,. 
The extent of transhydrogenation is equal to the amount of pro- 
panol which is formed. A relatively high ethanol concentration 
was chosen in order to keep some DPN in the reduced state. The 
total DPN concentration had no apparent influence on trans- 
hydrogenation, as could also be demonstrated in the ethanol- 
glyceraldehyde system. The hydrogen ion concentration, though 
excluded from the overall formula, is an important factor in the 
mass equilibria: a shift in pH affects alcohol and aldehyde con- 
centrations inversely; the DPN+/DPNH ratio decreases with 
decreasing hydrogen ion concentration. Propanol concentrations 
are almost unchanged over the pH range studied. The values of 
propanol + DPNH should equal the concentration of acetalde- 


hyde. In this function there is, however, a discrepancy between 
the figures calculated for pH 6.75. These small DPNH values 
decrease the accuracy and indicate the limitations of the thermo- 
dynamic computations in the outlined approach. 


Ethanol-glyceraldehyde transhydrogenation 


It is widely accepted that the rate of ethanol metabolism in 
mammals is limited by the dissociation of the LADH-DPNH 
complex (16). The accelerating action of fructose on ethanol 
oxidation (13. 10) cannot be satisfactorily explained without 
obtaining evidence of interference with this mechanism, The 
finding of Holzer (5) that LADH catalyzes the reduction of 
glyceraldehyde suggests a new approach to the problem: fructose 
provides the glyceraldehyde which in turn reoxidizes DPNH on 
the enzyme without the necessity of dissociation of the LADH- 
DPNH complex. 

The conditions under which such a transhydrogenation occurs 
and its effectiveness were studied in vitro and in vivo (G. A. 
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Emerson, J. B. Nash, and H. Redetzki, unpublished). This report 


includes the enzymatic aspects only. The reaction formulas are: 


LADH 
ethanol + DPN* = acetaldehyde + DPNH+H* (4) 
LADH 
DPNH + H* + glyceraldehyde = _ glycerol + DPN* (5) 


- LADH © 
Sum: ethanol + glyceraldehyde =z acetaldehyde + glycerol (6) 


Transhydrogenation takes place as demonstrated in Fig. 2 but 
the system is complicated by the glyceraldehyde-dihydroxyace- 
tone interconversion which apparently influences the final equi- 
librium condition. While equilibration occurs rapidly with the 
ethanol-propionaldehyde system, as indicated by a uniform re- 
duction rate of DPN (Fig. 1), the reduction of DPN is overshoot- 
ing in the ethanol-glyceraldehyde system probably due to im- 
balance between ethanol and immediately available glyceralde- 
hyde and the final equilibrium is reached much more slowly. 
This also follows from corresponding experiments in which 
transhydrogeneration is arranged in two phases. 

This process involves the problem of optical specificity of 
LADH towards the glyceraldehyde. When only one form is used, 
the actual concentration of the active form is decreased by race- 


TABLE 1 


Ethanol-Propionaldehyde Transhydrogenation. Substrate Concentrations at 
Start and at Equilibrium, K,, K,, and K,, are the Equilibrium 
Constants of Reactions 1, 2, and 3 





Equilibrium 





Start pH 6.75 pH 7.37 pH 8.20 
(concentrations in «M/1) 

Ethanol 74,300 73,743 73,287 73,150 (computed) 
Propanol 0 995 990 989 (computed) 
Acetaldehyde 0 557 1.013 1,150 (computed) 
Propionaldehyde 1,000 § 10 11 (computed ) 
DPN* 483 479 474 434 (measured) 
DPNH 0 + 9 49 (measured) 





K, (Mean1.12 x 10-"!) 1.15 10-2 1.18 10 1.03 x 10-2 (M/)) 
K, (Mean0.77 x 10!) 0.81 x 10! 0.80 x 10" (0.70 x 10-1 (M/I) 


K 
K, (=—, Mean 1.46) 1.42 1.48 1.47 


c 
b 
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Fic. 2. Ethanol-glyceraldehyde transhydrogenation. Conditions and con- 
centrations as given in Fig. 1, only pi-glyceraldehyde (2.05 mM) instead of 
propionaldehyde. 


mization (re-equilibration over the common enediol). Experi- 
ments with DL- and D-glyceraldehyde showed that the D- and 
L-form are quantitatively reduced in the presence of excess 
DPNH at pH 7.2. but the reaction rate was faster with DL- than 
with D-glyceraldehyde. Leuthardt concluded from similar ex- 
periments with glycerol dehydrogenase (identical with LADH) 
that the L-form is preferred (9). The problem is not yet settled, 
since the possibility remains that less glyceraldehyde is con- 
verted to dihydroxyacetone in solutions of the DL-form than in 
solutions of the D-form. 

Since these factors could influence the equilibrium, it became 
necessary to measure transhydrogenation in this system directly, 
by estimation of the reaction product. These data were then used 
to calculate the equilibrium constant for the overall reaction 
(K.). Direct evidence of transhydrogenation was obtained in 
experiments in which the reaction was allowed to proceed from 
right to left (glycerol-acetaldehyde transhydrogenation) with 
measurement of the amount of ethanol formed. The reaction was 
observed in a Beckman cell at wavelength 340 ma, total vol, 2.12 
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ml., phosphate buffer pH 7.3. Concentrations of reactants were: 
glycerol 96.8 mM, acetaldehyde 82.9 mM, DPN*+ 0.525 and 
0.105 mM. LADH (12 pg/ml) was added and the cells were 
incubated at 25° C. for 70 min. During this time no increase in 
optical density was found. The reaction was stopped with 6.0 ml. 
perchloric acid solution (3.5 g.% ). The mixture was centrifuged 
and 0.05 ml. of the supernatant were used for the enzymatic 
estimation of ethanol with YADH in pyrophosphate buffer, pH 
8.6, containing 0.072 M semi-carbazide (4). Within the range 
of these concentrations glycerol is not oxidized by the yeast 
enzyme and the presence of aldehydes does not interfere with 
the quantitative oxidation of ethanol. 

Under these conditions the amount of ethanol formed by trans- 
hydrogenation was 11.8 mM/I. The figure was unaltered by the 
concentration of DPN. Assuming that the ethanol concentration 
equals the glyceraldehyde concentration, a K- of 43 was ob- 
tained. In order to compare this value with that resulting from 

K, 


the equation K, = . Kg (equilibrium constant of reaction 
B 


5) had to be estimated. The isomerization of the trioses makes 
this value less accurate than those for K, and K,. The forward 
reaction, starting with glyceraldehyde is unfavorable for the 
measurement of K; because of the slow rate of interconversion. 
The reverse reaction gives a value of 2.9 x 10°’ M/l when a 
slow but constantly proceeding reduction of DPN (masking the 
endpoint) is extrapolated. With this corrected figure. Ke be- 
comes 39 which is in good agreement with the value found in 
glycerol-acetaldehyde transhydrogenation. 

Very few data have been recorded concerning the kinetics and 
thermodynamics of enzyme reactions with six substrates (1). The 
concept that transfer reactions are catalyzed by group specific 


enzymes permits a treatment for two substrate pairs reacting in 


opposite directions. This also applies to pyridine nucleotide trans- 
hydrogenation, with the coenzymes functioning as two pairs of 
substrates and the substrate pair becoming the acceptor or co 
enzyme. It is hoped that this approach to the problem of trans 
hydrogenation with LADH can be replaced by an analysis of its 
kinetics, based on data supplied by Theorell and co-workers (15). 

The experiments show that substrate transhydrogenation with 
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LADH (ethanol-glyceraldehyde system) can function biologi- 
cally with very high efficiency. Since the reaction products (ace- 
taldehyde and glycerol) enter different metabolic pathways, the 
extent of the transfer would not be limited by equilibria. DPN 
would be kept in the oxidized state without necessity of other 
dehydrogenases for the reoxidation. Any aldehyde would partici- 
pate in transhydrogenation if it is structurally acceptable within 
the limitations of enzyme specificity. The biological importance 
of the reverse reaction (glycerol-acetaldehyde transhydrogena- 
tion) is questionable. A Michaelis constant of 0.5 M/I for glycerol 
(estimated in phosphate buffer, pH 7.4) renders it unlikely that 
LADH is involved in the oxidation of glycerol. While pryidine 
nucleotide transhydrogenation is believed to exert regulatory 
functions for the hexosemonophosphate shunt (6) and oxidative 
phosphorylation (7). substrate transhydrogenation of the de- 
scribed type can be considered to interconnect metabolic path- 
ways for adequate utilization (or conservation) of energy. 


Summary 


Alcohol-aldehyde transhydrogenation catalyzed by liver alco- 
hol dehydrogenase and diphosphopyridine nucleotide (DPN) is 
demonstrated in the systems: 

a) ethanol + n-propionaldehyde = acetaldehyde + n-propanol 

b) ethanol + dl-glyceraldehyde = acetaldehyde + glycerol 
Both reactions are freely reversible. The extent of transhydrog- 
enation does not depend on DPN concentration, and the in- 
fluence of pH on the overall reaction is negligible. Transhydrog- 
enation is explained as a combination of two reactions in which 
two pairs of substrates react in opposite directions. The equilib- 
rium constants for the single reactions and the overall reaction 
were estimated. An apparent interconversion of glyceraldehyde 
and dihydroxyacetone was observed at neutral pH and the spe- 
cificity of liver alcohol dehydrogenase towards the optical iso- 
mers of glyceraldehyde was investigated. The biological aspects 
of substrate transhydrogenation with system b) are discussed in 
connection with the accelerating action of fructose on ethanol 
metabolism in mammals. 
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2 Dihydroxyacetone interferes in the enzymatic estimation because it is 
partly converted to glyceraldehyde. Preparations containing this substance as 
impurity would therefore give slightly higher values. 


3 According to accurate estimations for K, by Backlin (2) a value of 1.02 x 
10-11 M/I should be obtained at 25° C and ionic strength 0.133. Our slightly 
higher values are probably due to some loss of acetaldehyde by evaporation, 
not totally prevented by covering the curvettes with glass lids. 





AMYLOIDOSIS—EXPERIMENTAL PRODUCTION IN 
DUCKS WITH METHYLCHOLANTHRENE® 


R. H. Ricpon” 


In 1955 a peculiar type of cirrhosis. suggestive of amyloid, was 
described in white Pekin ducks previously treated with methyl- 
cholanthrene (15). Spectrophotometric examinations of these 
livers for methylcholanthrene were negative (17). We have con- 
tinued to observe this lesion in ducks treated with this carcinogen. 
A similar amyloid-like substance also has been observed in the 
spleen of chickens in which the skin was treated locally with 
methylcholanthrene. 

There are several reviews of amyloidos:s (1)(6)(21) and a 
few experimental studies in which amyloid has been produced in 
mice (8)(10), rabbits (1)(3)(6), hens (12) (13), and horses 
(14). Bacteria and bacterial toxins (1) (3) (9) (12) (13) (18) 
usually have been used. Kuczynski (10) either fed mice case*n- 
rich food or injected casein to produce amyloidosis. Eklund and 
Reimann (6) produced fatal amyloidosis in rabbits by repeated 
injections of sodium caseinate. Jaffe (8) produced amyloid in 
mice by intramuscular injections of nutrose or serum. 

Although it has been said that nothing is known about the 
etiology of amyloid (14), there have been several interesting 
observations made since Rokitansky (18) first described this 
pathologic process in 1842. In 1927 Smetana (19) concluded that 
“facts have been assembled which speak in favor of the theory 
that amyloid ‘s actively formed by a specific phagocytic cell 
(reticulo-endothelial cells) in the place where it appears.” Ac- 
cording to Smetana (19) it seems certain that the reticulo- 
endothelial cells as such are not primarily transformed into 
amyloid. Mallory (11) in 1925 suggested that amyloid was 
formed by perverted fibroblastic activity. More recently Jones 
and Frazier (9) have indicated that amyloidosis is an alteration 
of a mucopolysaccharide-reticulum response. According to these 
authors the proteins are precipitated by a reaction of the circu- 
lating antigen with the antibody. Ehrich (16) believes that amy- 
loid may be due to the faulty production of a pathological protein 
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by normal or by abnormal plasma cells and that amyloid may be 
a precipitate of protein with mucopolysaccharide. Grollman (7) 
recently stated that “amyloidosis may be induced experimentally 
by the repeated injection of foreign protein. It is accordingly 
believed that the condition results from hyperimmunization with 
the accumulation in the reticulo-endothelial system of abnormal 
products of protein metabolism which act as antigen-antibody 
excitants.” A similar opinion was expressed by Symmers (21) in 
1956 following his review of this problem. The view which is now 
most generally held, according to Symmers (21), is that amy- 
loidos's is a “manifestation of an immunological disturbance, 
w-th the deposition in prepared situations of amyloid, a substance 
of somewhat varied composition which may be the insoluble 
glycoprotein product of a local antigen-antibody reaction.” 
Amyloid has an inconstant chemical composition but consists 
essentially of either a protein or a complex of proteins, usually 
if not always associated with sulphated polysaccharides and at 
least on occasions with lipids (21). Although amyloid is usually 
described as an eosinophilic material, its color may vary. It may 
not stain with the group of basic dyes, such as methyl] violet and 
cresyl violet. Affinity for Congo red varies from case to case and 


maybe from tissue to tissue. In some cases amyloid may give 
either a positive or a negative reaction to the periodic acid Schiff 
reagent. Trichrome stains of the Mallory and Masson type gives 
inconstant results (21). 

Observations on the experimental production of amyloidosis 
in white Pekin ducks given the carcinogenic agent methylcholan- 
threne are reported. 


Method and Material 


This study is based upon 22 adult white Pekin ducks as shown in Table 1. 
Methylcholanthrene crystals were suspended in a solution of polysorbate 80 
(1.0% methylcholanthrene in a 1.0% solution of polysorbate 80). Twenty- 
five ml. of this solution was put into the trachea through the external larynx. 
The age of the birds when treated and the interval before death is given in 
Table 1. The ducks were obtained from a commercial hatchery when 1 day 
old. They were fed Purina duck startena and growena* and cracked corn. 
Food and water were available at all times. The younger birds were kept in 
batteries in the laboratory and the others in outside pens. 

The majority of the ducks were sacrificed and necropsied immediately. 
Sections of the viscera were fixed in a 4 per cent solution of formaldehyde and 
paraffin blocks were prepared. Routine sections were stained with hemo- 
toxylin and eosin and select sections were stained by the following techniques. 





Amyloidosis 
TABLE 1 


Ducks with Amyloidosis 





Days 
Duck Age/Days Before Liver Fluid Location 
No. Injected Death wt/gm ml. Tumor of Amyloid 


—_— 


1572 56 0 0 
1576 76 j 54° 0 
1583 76 87 0 
1600 100 . Liver 
1580 76 Liver-spleen 
1597 100 0 
1581 76 - Liver-spleen 
1575 76 : Liver-spleen-adrenal- 
kidney-thyroid 
76 0 
76 0 
76 - Liver 
76 Liver-adrenal- 
intestines 
76 285 Liver 
76 285 ( 0 
309 - Liver-spleen- 
adrenal-pancreas 
310 ) - Adrenal-kidney 
313 5 Liver-spleen-adrenal 
313 Liver 
313 0 
313 Liver-adrenal-spleen 
56 383 - Liver-spleen 
56 384 0 








* Normal liver weighs 50-90 gms. 


Heidenhain’s aniline blue, Masson’s trichrome (Foot’s modification), 
Wilder’s reticulum stain, Congo red, crystal violet, Mayer’s mucicarmine 
and periodic-acid-Schiff. 


Experimental Findings 


The ducks were sacrificed at intervals of 2 to 384 days (Table 
1). Thirteen of the 22 ducks had amyloid in their viscera. One 
hundred and fifty-eight days was the shortest interval between 
the intratracheal injection of methylcholanthrene and the dem- 
onstration of amyloid in the liver. The majority of the ducks 
with amylo‘dos:s had fluid in the abdominal cavity and in some 
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the feet and legs were edematous. Some of the birds showed 
respiratory difficulties when they were sacrificed. 

The liver was the most frequent organ infiltrated with amy- 
loid. It was enlarged, firm and yellowish-brown in color (Fig. 1). 
Focal areas on the surface were depressed, suggestive of scarring. 
The degree of hepatic :nvolvement var ed in the different ducks. 
Iodine applied to the cut surface of these livers produced a ma- 
hogany-brown color. The hepatic cells in many areas were re- 
placed by a homogeneous, pink-staining material, while in other 
areas groups of normal-appearing hepatic cells were surrounded 
by this pink-sta‘ning material (Fig. 2). A zone of the pink-stain- 
ing material frequently surrounded blood vessels in the liver. It 
stained with Congo red in the same way as with hemotoxylin 
and eosin: however, with crystal violet it stained ght purple. 
It was I ght green when stained with Masson trichrome stain, 
blue with the aniline blue stain (Fig. 3). and dark red with 
the periodic acid Schiff reagent. The reticulum appeared to be 
slightly increased in amount when stained by the Wilder’s tech- 
n-que. 

In sections sta‘ned by the periodic acid Schiff, Masson and 
Wilder techniques, a zone of homogeneous-staining material 
could be seen on each side of the narrow bands of reticulum (Fig. 
4). In the hepatic cords this homogeneous-stain:ng material filled 
the space between the reticulum and the Kupffer cells that line 
the sinusoids (F*g. 5). Often the hepatic sinusoids were com- 
pletely obliterated by this amyloid-like material. Frequently no 
pathologic changes other than the amyloid were present :n the 
liver; however, in some sections there were focal areas where the 
hepatic cells were filled with fat. Inflammatory reactions in the 
liver were consp cuous by their absence. 

In several of the ducks the amyloid was restricted to the liver. 
but in others it was present in the adrenal, kidney (Fig. 6), 
spleen (Fig. 7) and thyroid. The degree of amyloid-infiltration 
varied in the same bird, as well as in different ducks. The ana- 
tomic distribution of amyloid in the liver was typical for this proc- 
ess. In the spleen it was focal and we found it very difficult to 
determine its anatom‘c relation to the sinusoids. The spleen was 
enlarged and more firm than normal in some of the ducks. The 
cut surfaces of such spleens were yellowish-brown in color. 

The kidneys :n one of the ducks were approximately twice the 


normal size, brownish-yellow in color, and relatively firm in 
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Fic. D 1338. The liver is solediel (wt 180 gm), yellowish-brown in 
color ae firm in consistency. This duck was given orally 7.5 mg. of methy! 
cholanthrene in 1.0 ml. of mineral oil daily for 30 days. Killed 487 days 
after the first treatment. 

Fic. 2. D 1338. The hepatic cells are replaced by eosinophilic staining 
material. Groups of hepatic cells are surrounded by this amyloid. H&E stain, 
X 160. 

Fic. 3. D 480. The amyloid in the liver stains light blue, the reticulum fibers 
stain more deeply. Methylcholanthrene in acetone in a concentration of 
0.25% was applied locally for 30 days to the skin of this duck. He was killed 
404 days after the experiment started. Mallory’s aniline blue stain, X 150. 

Fic. 4. D 480. The reticulum fibers are probably slightly enlarged, The 
lighter staining amyloid can be seen surrounding the reticulum in the liver. 
Wilder’s reticulum stain, X 950. 
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Fic. 5. D 480. Amyloid in the wall of a hepatic sinusoid. The reticulum 
fibers appear to be separated by the amyloid. Wilder’s reticulum stain, X 1880. 


Fic. 6. D. 1575. The wall of a small artery in the kidney is infiltrated with 
amyloid. H&E stain. X 902. 


Fic. 7. D 1338. Focal collections of amyloid are present in the spleen. H&E 
stain, X 320. 
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consistency. The glomeruli were replaced by amyloid and some 
of the small blood vessels were surrounded by a collar of amyloid 
(Fig. 6). The majority of the renal tubules in this particular 
kidney were dilated and filled with hyaline casts. The amyloid in 
the thyroid and in the adrenal was located in the stroma between 
the acini. 

In one duck given methylcholanthrene suspended in mineral 
oil orally there were focal areas of eosinophilic-staining tissue 
that stained red with the periodic acid Schiff reagent in the 
mucosa of the intestine. These areas were suggestive of amyloid. 
Amyloid was present in the pancreas of a duck (1338) given 
methylcholanthrene and mineral oil orally for 30 days and sacri- 
ficed 487 days later. Amyloid was present in a duck (480) where 
methylcholanthrene in acetone had been applied to the skin for 
30 times and the bird was sacrificed 404 days later. 

Pulmonary neoplasms were present in a majority of the ducks 
that showed amyloidos:s. These neoplasms were both carcino- 
mata and sarcomata and will be the basis for a subsequent study. 
Collections of methylcholanthrene crystals usually were present 
in the abdominal air sacs of these ducks at the time they were 
sacrificed. 


Discussion 


The ducks in this study have the typical changes in the viscera 
that one finds in man with amyloidosis. The organs most fre- 
quently involved in the duck are the liver, spleen and adrenal. In 
man, the heart has been found to be the most frequent site for 
the occurrence of amyloid; this is followed by the alimentary 
tract, tongue, spleen, liver, kidney, lung and adrenal (21). Amy- 
loid was present in the thyroid of one duck. Walker (22) says 
that “amyloid goiter is a rare manifestation of primary amy- 
loidosis. Microscopically, the acini are widely separated by in- 
terstitial deposits of amyloid.” 

Amyloid in the duck stains readily with the periodic acid 
Schiff reagent, aniline blue and Masson’s trichrome stain. Some 
variations occur, however, in the intensity of the staining of 
amyloid in different viscera and in different birds. Variations in 
the staining of amyloid, of course, are well recognized, The amy- 
loid in the liver may be readily observed about the strands of 
reticulum in the periodic acid Schiff and Wilder stains, These 
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observations in the duck support previous studies relating amy- 
loid to the reticulo-endothelial system (2). These histologic obser- 
vations in the duck would suggest that amyloid develops locally 
in association with the reticulum. Although the reticulum fibers 
in the livers with amyloid appear to be slightly larger than nor- 
mal. the major change observed is the formation of amyloid about 
these fibers. 

Many investigators have associated the formation of amyloid 
with immune reactions and antigen-antibody formation. The 
fact that methylcholanthrene can produce a similar change em- 
phasizes the fact that such an immunolog’cal reaction ‘s not 
snecific for the format’on of amyloid. Although many of these 
ducks with amyloidosis also had pulmenary neoplasms, there is 
nothing to suggest that the amyloid is related in any way to the 
presence of tumors. In fact, the majority of the ducks that we 
have studied with amylo:d did not have a neoplasm. Although 
the ducks in this study were given the methylcholanthrene sus- 
pended in polysorbate 80, the latter agent has not been used as a 
control in this particular experiment since amyloid has occurred 
so often in ducks not receiving polysorbate 80. A few of the ducks 
given tobacco tar in mineral o:] intratracheally over long inter- 
vals have shown amyloid in the liver (16). We have never 
observed amyloidosis in either a normal duck or chicken.+ Stew- 
art and associates (20) have observed amyloidosis in some of their 
mice injected with methlycholanthrene. Wong and associates 
(23) observed amyloid in the viscera of a high percentage of their 
mice fed tween 80 concurrently with methylcholanthrene. The 
lack of correlation between the over-all tumor incidence, the 
sporadic cases of Salmonella infection and the :ncidence of amy- 
leidos's does not support either the tumor-bearing state or the 
infection as the primary causative factor for amyloidosis in these 
mice. Natural-occurring amyloidos’s has been observed in ani- 
mals, particularly mice (21). Dunn (4) has shown that the 


inc dence of amyloidosis rises with the increasing age of mice and 


also that its occurrence is related to heredity. 


Summary 


Amylo'd frequently occurs in the liver, spleen and adrenals of 
white Pekin ducks receiving the carcinogenic agent methyl- 
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cholanthrene. The anatomic location and the staining reactions 
of the amyloid are similar to that observed in man. The amyloid 
in the liver of the duck is closely associated with the reticulum. 
The frequency of the occurrence of amyloid in a group of ducks 
and the amount present in the viscera are not related to the 
quantity of methylcholanthrene given. The amyloid occurring 
in these ducks resembles the so-called primary amyloidosis ob- 


served in man. 
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EVIDENCE FOR AN INTERCELLULAR EXCHANGE 
OF CYTOPLASMIC COMPONENTS BETWEEN 
ASSOCIATED CELLS IN TISSUE CULTURE®* 


GerorcE G. Rose, M.D.” 


Introduction 


The purpose of this report is to demonstrate by photographs 
from time-lapse studies of tissue cultures certain cellular activi- 
ties which suggest new concepts of cellular growth and inter- 
relationship. These activities have been observed in a few 
situations among several types of cells. The data are now pre- 
sented only as introductory evidence of (1) mitochondrial 
migration between closely associated cells and (2) a transfer of 
cell organs and cell inclusions (mitochondria, microkineto- 
spheres, endoplasmic reticulum, fat and inclusion bodies) be- 
tween cells by cytoplasmic fragmentations and ensuing resorp- 
tion of free fragments containing these organoids by neighboring 
cells. 

Materials and Methods 


Tissue Culture Methods—All data were obtained from observations of cell 
colonies established in multipurpose culture chambers (1—7) using as sub- 
strate either plasma, or glass alone, or dialysis cellophane strips (6). The 
specific cell types photographed were fibroblasts from endosteal fragments of 
chick embryo bone (6, 8), epithelial cells of chick embryo thyroid glands 
(6, 9, 10), and epithelial cells of Gey’s strain HeLa (11-17). 

Time-Lapse Equipment—A standard assembly consisting of a Kodak Cine 
Special (16mm.) adapted to the time-lapse equipment of the Electro-Me- 
chanical Development Company, Houston, was used. Additional still camera 
time-lapse records were made with a 214 x 214, Hasselblad camera. Phase 
contrast microscopy (Bausch and Lomb) was used with Eastman Super-X or 
Gevaert Cine Phase 16mm. film and with Agfa Isopan FF #120 roll film. 
Interference color contrast records (18, 19) were made with the AO-Baker 
Interference Microscope on Kodachrome (Type A) film. 


Results 


Mitochondrial Penetration—Three sequences of t'me-lapse 
motion picture films of bone fibroblasts were found to show long 
filamentous mitochondria which appeared to penetrate cell mem 
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branes and freely cross between adjacent cells. This was noted 
to occur between cells which were either coming together or pull- 
ing apart. One such sequence was enlarged from the 16mm. cine 
strips and is presented in Figs. 1-10. In Fig. 1 two cells can be 
seen as their undulating membranes approached each other. Cell 
X on the left was undergoing vigorous pinocytosis (16, 17, 20). 
In Figs. 2-6 a long filamentous mitochondrion was observed to 
emerge from the lower portion of cell Y on the right and course 
through the clear cytoplasm up and to the left where it came in 
contact with the limiting cell membrane (Fig. 5). By this time, 





EXPLANATION OF PLATES 
Abbreviations Used in Figures 

pi, pinocytic droplet. 

N, nucleus. 

cm, cell membrane. 

X, Y, cells of Figs. 1 to 10. 

a, b, c, d, cytoplasmic fragments of Figs. 11 to 30. 

chr, chromosomes. 

Z, blebs of zeiosis. 

s, spheres broken from blebs of zeiosis activity. 

Cl, cluster of spheres (s). 

m, mitochondrion. 

mks, microkinetospheres (lysosomes). 

cy, cytoplasm. 

A, T, cells in Figs. 38 to 47. 

p, protoplasmic extension and fragmentation. 

M, metaphase stage of mitosis. 


Fics. 1 to 10. These are high power phase contrast (Bausch and Lomb) 
photographs of living fibroblasts which were cultivated from embryo chick leg 
bone. They represent abstracts of a time-lapse 16 mm. cine film which were 
taken over a twenty-minute period of time. The chief feature illustrated by 
these pictures is the passage of a mitochondrion from cell Y to cell X by an 
apparent penetration of the cell membrane cm. The magnification line in 
Fic. 6 may be used for all of these pictures. X 1000. 


Fig. 1. In this illustration, cell X was undergoing vigorous pinocytosis (pi) 
and rapidly approaching cell Y. 


Fic. 2. This is the first frame of the film strip in which the mitochondrion 
(indicated by the arrow) was observed coming out of the juxtanuclear aggre- 
gation of cell Y. N is the nucleus of this cell. 


Fics. 3 to 5. In these illustrations, cell Y was further encroaching upon the 
surface of cell X and the movement of the mitochondrion had taken an up- 
ward and arcing path to reach the membrane cm. In Fic. 5 note the fold in 
the membrane of cell Y. 


Fics. 6 to 10. In Fic. 6 the mitochondrion is seen to penetrate the cell mem- 
brane (cm). In the succeeding illustrations the mitochondrion may be fol- 
lowed as it passed all of the way through this membrane and apparently 
became a part of the organoidal mass of cell X on the left. 
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the two cells had become physically associated with each other, 
and cell X on the left appeared to be underlying cell Y on the 
right. In Fig. 5 there is a fold in the lower part of the membrane 
of cell Y which indicates this relative position of the two cells. 
Illustrated in Fig. 6 is the mitochondrion as it apparently pene- 
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trated the cell membrane; and Figs. 7—10 show a continuation of 
the passage of the mitochondrion through the membrane until it 
appears to be entirely within cell X. From this cine record it 
cannot be unequivocally asserted that the mitochondrion coming 
from the right-hand cell Y was completely removed from its en- 
vironment to the left-hand cell X. Nevertheless, it can be seen 
that the mitochondrion did penetrate the membrane of cell Y 
and that it either projected into the neighboring cell X or into 
the intervening fluid space. 

Cytoplasmic Fragmentation—Represented in Figs. 11—30 are 
abstracts from a 16mm. time-lapse camera sequence of a thirteen- 
day embryo chick thyroid culture. This illustrates that cells 
located in the periphery of cultures “reach out” by undulations 
of their membranes to such extremes that frequently they be- 
come detached from the withdrawing cell masses. During such 
withdrawals, detached portions of these cells were viewed with 
phase contrast microscopy and found to possess both filamentous 
mitochondria and ovoidal microkinetospheres (lysosomes) (16, 
21-23). In the sequences illustrated there were four such frag- 
mentations of cytoplasmic masses: the first (a) was resorbed by 
a second cell, the second (b) moved out of the field of view, and 


the third (c) was resorbed by the cell of its origin, It is interest- 





Fics. 11 to 20. These are low power phase contrast (Bausch and Lomb) 
photographs which were abstracted from a 16 mm. time-lapse movie film. 
They depict living epithelial cells which were cultivated from embryo chick 
thyroid glands and illustrate the “reaching out” activities of the peripheral 
cells which often resulted in a cytoplasmic fragmentation. A magnification 
line for all of the illustrations is shown in Fic. 11 and the interval of time 
represented by these pictures was approximately two hours. X155. 


Fic. 11. The process (a) which became a cytoplasmic fragment was at- 
tached to the cell by a very fine strand. 


Fic. 12. Fragment a was detached from the epithelial cell and another frag- 
ment was commencing to form from a second process (b). 


Fic. 13. Fragment a was moving to the left and fragment b was attached 
to the cell by a fine strand. 


Fics. 14 to 16. Fic. a may be followed as it returned to a cell which was 
above the cell of its origin and fragment b is seen to move out of the field 
of view. 


Fic, 17. Fragment a was now in intimate contact with the recipient cell 
and fragment c will be seen to develop from the process indicated. 


Fics. 18 to 20. Fragment a may be further followed as it became more 
deeply imbedded in the recipient cell and fragment c is seen as it became 
completely detached. 
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ing to note that in this latter instance of resorption a fourth frag- 
ment (d) was released. 

Investigations of HeLa cells with the dialysis cellophane strip 
technique have revealed a peculiar morphology and behavior of 
cells (Fig. 31). In many instances the cellophane compressed 
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them markedly so that entire cells were observed even under oil 
immersion powers with unusual clarity (Figs. 32-37). For in- 
stance, mitotic activities were particularly well resolved with this 
“living squash” type of outgrowth (Fig. 32). When using other 
explant anchoring materials such as glass coverslips, solid clear 
plastic material, two pieces of cellophane which had small frag- 
ments of glass interposed between them, or Earle’s perforated 
cellophane (24.25) in place of the usual cellophane strips, the 
outgrowth did not produce such a pattern. This is apparently 
due to the lack of a compression force. Further, it appears that 
the porosity of the dialysis membrane permits a selective ex- 
change which is necessary for this type of outgrowth. Figs. 33-35 
are examples of the extreme movements (zeiosis or boiling, 26) 
which occurred in these cells when they were thus compressed. 
Fragmentation (s) of cytoplasmic processes (Z) is illustrated in 
Fig. 35. 

A fragmentation of another cell having microkinetospheres 
and one or more filamentous mitochondria is shown in Fig. 36. 
A very active HeLa cell in which the cytoplasm had a central 
position and the dividing nucleus a circumferential position is 
illustrated in Fig. 37. Similar cells were commonly observed in 
the periphery of these cultures. 

Represented by Figs. 38-47 are abstracts of a time-lapse film 
sequence which was made with the AO-Baker interference 
microscope on Kodachrome (Type A) film. One HeLa cell (A) 
may be seen from which a large amount of cytoplasm (p) was 
lost by an ejection-like activity (possibly through a cell mem- 





Fics. 21 to 30. These are medium power phase contrast (Bausch and Lomb) 
photographs abstracted from a time-lapse 16 mm. movie film. They show 
living epithelial cells cultivated from embryo chick thyroid glands as in Fies. 
11-20. Fragment c is a continuation of the illustration of fragment c in the 
preceding plate. The magnification line in Fic. 21 may be used for all of 
these illustrations. The interval of time represented by these pictures was 
approximately ninety minutes, X325. 

Fics. 21 to 25. In these illustrations the cell of origin which was also the 
recipient cell for fragment c may be observed to undergo numerous foldings 
and undulations. 

In Fic, 25 the fragment has been contacted by the cell process, 

Fics, 25 to 30. These show the movement of fragment c after it had become 
attached to its cell of origin and had passed on down to the base of the 
process. 

Fics, 28 to 30, In these illustrations the fourth fragment (d) is seen as it 
developed at the tip of this same process. 
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brane pore). This loss of material was complete, yet it did not 
seem to interfere with the viability of the cell which subse- 
quently divided. 
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Discussion 


In this report the possibility of mitochondrial migrations from 
cell to cell through adjoining membranes has been demonstrated 
by a time-lapse cinematographic sequence. Further, two mechan- 
isms of cellular fragmentation are described: the first, an ap- 
parent “pinching off” of cytoplasm by an excessive extension of 
cellular processes; and, the second, an apparent extrusion of 
cytoplasm through cell membrane “pores.” The resorption of 
cellular fragmentations by the same and by another cell was 
demonstrated. Finally, cell fragments were observed which con- 
tained active filamentous mitochondria and ovoidal microkineto- 
spheres (lysosomes). 

As previously mentioned, it is quite probable that other cyto- 
plasmic components are included in this “cannibalistic” resorp- 
tion process. It is possible that even large fragments of the endo- 
plasmic reticulum (27.28) and perhaps Golgi structures might 
cross between cells by these processes. Such a view may be im- 
portant to our current concepts of cellular interchange. It is 
obvious that a cell is not alone in its life but is wholly dependent 





Fics. 31 to 37. These are phase contrast (Bausch and Lomb) photographs 
of living HeLa cells cultivated by dialysis cellophane strip techniques. They 
show the “living squash” type of outgrowth which resulted. 


Fic. 31. This is a low power picture of the periphery of a HeLa culture. 
Note that there was considerable separation of the cells and that they had a 
rounder form than cells which were cultivated directly upon glass in the ab- 
sence of cellophane. The most peripheral cells showed finger-like processes of 
zeiosis. X90. 


Fic. 32. This shows a high power illustration of a cell in mitosis and dem- 
onstrates the readily viewed chromosomes. X740. 


Fics. 33 to 35. These illustrate the activity of zeiosis (Z) and a resultant 
fragmentation of numerous cytoplasmic spheres (s) which accumulated in a 
cluster (Cl). The magnification line in Fic. 32 may be used for all three of 
these illustrations. Note the nuclear rotation which is occurring in both of 
these cells and indicated by the arrows on the nuclei. The interval of time 
was approximately twenty-five minutes. X100. 


Fic. 36. This shows a high power view of a cytoplasmic fragmentation 
from the cell underlying the 36 on the photograph. In this fragmentation, a 
mitochondrion (m,) and microkinetospheres (mks) may be seen. The magni- 
fication line in Fic. 32 may be used here. 


Fic. 37. This shows a HeLa cell which was located in the periphery of a 
dialysis cellophane strip culture. The nucleus (/V ) was in the periphery of the 
cell whereas the major portion of cytoplasm (cy) was centrally located. The 
cell was similarly undergoing zeiosis as indicated by the many finger-like 
processes, X960. 
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upon the milieu about it. This relationship is known to exist at 
molecular, submicroscopic and microscopic levels. Phagocytosis 
has been interpreted as an ingestion of cellular fragments or of 
living microorganisms; and pinocytosis is similar to phagocytosis 
except that fluid droplets are ingested. The resorption process pro- 
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posed here may be a third ingestive mechanism differing from all 
others in that cellular elements are transferred to the cell, not in 
a “building-block” molecular form nor in one which is later re- 
solved to a molecular size, but in an organoidal form which con- 
tinues as a functioning composite in the recipient cell. In effect, 
all of our earlier understanding of fluid and solid interchanges 
between cells and the surrounding milieu consigned this to be 
cellular metabolism. The observations reported here suggest in- 
terchanges of whole “factories” which grossly may affect the 
functioning of the “gaining” cells as well as the “losing”’ cells, 
Perhaps such interchanges are “normal,” and this may account 
in part for the variance in mitochondrial quantities in different 
organs. depending upon nutritional or other states of the host 
animal (29-31). In one situation mitochondria are more required 
in a specific site than in another. Palade (32), however, states 
that mitochondria are quite different between tissue types and 
this challenges to some extent inter-organ migration speculation. 
The possibility also exists that organoidal migrations are strictly 
an abnormal activity displayed by malignant cells. In such a case 
it could conceivably be a mode of metastatic spread and possibly 
the final manifestation of a malignant change. 


The illustrations of Fig. 1-10 were originally photographed on 
movie film three years ago, but were only recently fully appre- 
ciated. It is quite likely that similar films exist in many libraries 
(33,34) which depict these and other organoidal shifts or even 
activities yet to be recognized. It is hoped that this report will 





Fics. 38 to 47. These are abstracts from a time-lapse 16 mm. movie which 
were taken on Kodachrome (Type A) film through an AO-Baker interference 
microscope. They show a HeLa cell (A) cultivated in a dialysis cellophane 
strip culture which underwent such an extensive zeiosis activity that a large 
amount of the central mass was eliminated into one bleb (p). This, then, be- 
came completely detached from the cell. Note that cell JT remained relatively 
stable in form throughout the approximately seventy-five minutes repre- 
sented by these pictures. The magnification line in Fic. 38 may be used for 
all of the pictures. X200. 


Fic. 38. This shows the first indication (p) of the rapid protoplasmic elimi- 
nation which was to follow. 


Fics, 39 to 44, This shows the single protoplasmic extension and represents 
an interval of approximately fifteen minutes 


Fic. 45. Here cell A is viewed in the metaphase stage of mitosis following 
the protoplasmic loss. 


Fics. 45 and 47, This shows subsequent stages of the mitosis. 
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stimulate film reviews and searches which may corroborate these 
findings, perhaps lead to many other fresh ideas. 

A more direct investigation of these cytologic interchanges 
is now being made. 
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NEO-X NEO-Y SYSTEM OF SEX DETERMINATION IN 
XYLEUS LAEVIPES (ORTHOPTERA: ROMALEINAE) 


Francisco A. SAEZ AND ALVARO Diaz® 


It is evident that in the evolution of the sex chromosomes, the 
XO-XX mechanism has originated from the more primitive 
XY-XX. On the other hand, in some groups of organisms a re- 
versible change of the type XO to XY has taken place. 

In Acrididae the sex mechanism is usually established by the 
XO system, that is, the male has an odd chromosome, which has 
generally an alocyclic behavior, and the female has two of these 
chromosomes which generally do not present heterochromaticity. 

This evolutionary transformation has been accomplished at 
least in 21 genera of Acrididae (White, 1957) of the many 
studied. The change is originated by centric fusion, that is, by 
reciprocal translocation between the sex chromosome, X, and 
another member of the pair of autosomic chromosomes. Once this 
union is incorporated permanently in the species, an extensive 
segment of autosomic material with all its genes, is incorporated 
with the sex chromosome that is usually inactive, transforming 
it into a new sex chromosome complex, designated as neo-X. 
The other homologous chromosome of the pair of autosomes, 
which is free, is changed into a Y chromosome or neo-Y. It is 
confined to the male line, pairing at meiosis with the homologous 
segment (autosomic part of the neo-X) to form a multiple ele- 
ment of characteristic configuration. This important change im- 
plies the creation of a new genetic system for the species. 

It is of great interest to investigate the phenomena which oc- 
curred during the differentiation of the neo-X neo-Y components 
and to establish, if possible, a cytological gradient which could 
allow us to know the antiquity of the new sex mechanism by the 
gradual transformations that were produced since its appearance. 
With this intention we have selected X yleus laevipes Stal, a South 
American species with 22 chromosomes among which we found 
a metacentric originated by centric fusion between the X chromo- 
some and an autosome, among others that present similar mecha- 
nisms (Sdéez., 1956). 
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Material and Methcds 


Of the many species found in South America, only two belong to Uruguay: 
Xyleus laevipes (Stal) and X. fuscipennis (Bruner). X. laevipes abounds in 
the northern part of the country and rarely in the south; its habitat is gen- 
erally open meadows; it has 22 chromosomes (21 acrocentric plus a meta- 
centric by X-autosomic fusion). X. fuscipennis inhabits the southern part of 
the country and is very infrequent in the north; it prefers fields covered with 
high bushes or near the hills. This species has 23 acrocentric chromosomes and 
a free X. 

Several males of X. laevipes were gathered, their gonads were fixed in 
acetic alcohol (3:1) for an hour. The study was performed by means of 
squashes, stained by the Feulgen method, and sections of 12 and 14 stained 
with crystal violet (according to a modification of Newton’s technique) and 
Feulgen. For the photographs an Ortholux microscope with apochromatic 
optic was used; a Microibso accessory with reductor attachment of 114; 
Microfile film and a Wratten compensator filter number 74.* 


Observations 


A careful examination of the spermatogonial metaphases re- 
veals the existence of 22 chromosomes radially arranged, as hap- 
pens in most Orthoptera (Fig. 2). The morphology of the ele- 
ments is characterized by the acrocentric, except a chromosome 


that is metacentric with unequal arms; judged by its negative 
heteropicnosis that gives it a typical granular aspect during this 
cell generation, the larger arm corresponds to the sex chromo- 
some and the smaller to an autosome (Figs. 1 and 2). We have 
not been able to observe clearly the short arm of the acrocentric 
chromosomes, even though in some elements its existence is per- 
ceived. In no other element was a difference found in the degree 
of condensation, indicating that at the moment of the metaphase, 
all, except the long arm of the metacentric, have reached their 
normal nucleoproteic charge. The constant presence of the meta- 
centric chromosome shows that a centric fusion by translocation 
of an autosome of medium size with the X chromosome has taken 
place (Fig. 1). In certain cases it can be observed that the long 
arm of the metacentric is made up of two regions: one that 
stretches from the distal end to the middle part, negatively 
heteropycnotic, similar to the one presented by the short arm 
(Figs. 1 and 2). This differential double structure seems to us an 
indication that the fragmentation of the sex chromosome has 
taken place at the distal arm to the centromere and that the 
fragmentation of the autosome has taken place in the zone of the 
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small arm, next to the centromere (Fig. 8). Hence we infer that 
the centromere of the metacentric belongs to the autosome. The 
long arm of the metacentric would be a part of the sex chromo- 
some and the short arm, with its centromere, would be of auto- 
somic origin (Fig. 8). 

The relative size shows that the karotype of X. laevipes is made 
up of an ascendant series, as seen in Fig. 1. The homologous chro- 
mosome to the element associated with the X is found among the 
medium-sized. so that the translocation has taken place between 
one of the members of this pair and the X (Fig. 1). 


’ 
| 


av 
7 
Fic. 1. The karyotype of Xyleus laevipes. The elements are arranged in 
pairs. They are acrocentric except for a pair of metacentrics, which have 
arisen from the fusion of a medium-sized autosome with the sexual X. The 
free homologue of the autosome associated with the X is in the fifth place of 
the upper row. . 


Fic. 2. Spermatogonial metaphase (polar view 


Fic. 3. Metaphase I (side view) showing the characteristic configuration of 
the neo-X neo-Y (at left). 


Fic. 4. A pole of an anaphase I. It shows (at left) the neo-X formed by 3 
arms; 2 of them are the chromatids of the autosome and the other is the X. 


Fic, 5. Another polar view of the metaphase | 
Fic, 6, Polar view of a metaphase I], showing themetacentric neo-X. 


Fic. 7, Metaphase II (polar view), showing the acrocentric neo-Y. 
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Metaphase I shows 10 autosomic bivalents and a compound 
element whose configuration shows that it is formed by the meta- 
centric, which we shall call neo-X and the autosomic homologue 
of the same, or neo-Y. As the long arm of the metacentric is the 
original X and the small arm corresponds to what was before an 
autosome, we shall call it XA; the free homologous or neo-Y, 
shall be called Y (see Figs. 3,5, 8 and 22). 

The configuration of the bivalents reveals the existence of 2 
types: the small with one distal chiasma, and the medium-sized 
and larger of the complex with an interstitial chiasma or with 
two chiasmata with proximal-distal localization. In this second 
group there is some variation because a distal chiasma can also be 
found (Figs. 3,5, 8). 

During metaphases, laterally observed, the XA and the Y have 
the same size and are maintained united by a chiasma that is 
terminal in this phase (Figs. 3, 5, 8). These facts clearly show 
their homology at least in shape and size. 

At the beginning of the anaphase all the autosomic bivalents 
perform their polar ascension at the same time, except two large 
bivalents that perform their disjunction with delay probably due 


Fic. 8. The mechanism of formation of the neo-X neo-Y sex chromosome 
system: a, breakage of the sexual X. b. breakage of the autosome; its homo- 
logue rests free. c, centric fusion between the X and the autosome. d, the neo 
X neo-Y during metaphase I; the neo-Y is the free homologue of the fused 
autosome., 
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to mechanical difficulties derived from their larger size (Figs. 23, 
24). The behavior of the sex bivalent during anaphase is charac- 
teristic because it advances its disjunction, which takes place 
while the autosomes are in full metaphase. In middle and late 
anaphase it precedes the autosomic group, almost in the pole, ex- 
hibiting its 3 arms, 2 of which are the chromatids of the XA and 
the other corresponds to the X. At this moment the Y chromo- 
some with the other autosomes is found in the opposite pole (Figs. 
4, 23, 24). 

Cytes II are of the two classes as can be seen in the metaphase; 
some with 10 acrocentric autosomes plus the neo-X metacentric 
and the others with 10 autosomes plus the neo-Y (Figs. 6, 7). 
During anaphase II the XA as well as the Y undergo an equa- 
tional division. 

The importance of the problem of the differentiation of the 
components of the XA-Y complex is made evident in the careful 
study of the meiotic prophase. Therefore we shall describe the 
most significant facts observed during this phase. 

The pre-leptotenic phases, as well as the leptotenic and zygo- 
tenic, show no distinctness in the movements nor the degree of 
chromatin concentration of the XA and the Y. It is only possible 
to follow the X, which appears with its characteristic vesicular 
aspect with its chromatin undergoing condensation. It is in the 
pachytene that the X chromosome can be individualized by its 
pear-shaped aspect and is seen united to a filament of the same 
thickness as the others that integrate the nucleus during this 
phase; it appears as illustrated in Figs. 9a, 11, 12, 13, 14. It is not 
possible here to discover structural signs of differences along the 
filament associated to the X. We observed a distribution of the 
chromatin organized in grumes similar to chromomeres, but after 


Fic. 9. The behavior of the element formed by the X, the XA and the Y. a, 
pachytene. b, late pachytene. c, medium diplotene. after the rotation of the 
Y. d, e, f, early, medium and late diplotene. The X has been represented in 
black; the XA and the Y. in white. These elements have been drawn from 


the nuclei whose photomicrographs may be sen in Fics. 11, 17, 18, 19, 20 and 
16. 
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a careful examination they might be interpreted as gires of an 
helix, uniform in the whole length of the element (Figs. 11, 12, 
13, 14). At this phase only a thread is perceived with no appear- 
ance of unfolding; the same thing happens with the other bi- 
valents. At the end of the pachytene (Figs. 9b, 17) and in very 
early diplotene (Figs. 9c, 18) the structure of the X suffers a 
change, for it leaves the more fluid vesicular state and is trans- 
formed into a compact helix of two or three gires with positive 
heteropycnosis that increases its chromaticity as the spirals un- 
roll and shorten (Figs. 9c, 9d, 18, 19). These movements are evi- 
denced clearly in the squash preparations with Feulgen. It is not 
so with crystal violet nor in sections. 

At the same time as the X accomplishes its cycle, the segment 
united to it is contracted lengthwise and appears to be made up 
of two filaments that were previously closely paired length- 
wise (9a, 17). Later one of them separates by means of a 
divergent rotation like the arms of a compass (Figs. 9c, d, e, 18, 
19, 20) ; this divergent arm, which is the Y, remains united by its 
distal end to the XA. In this point of both segments a distal 
chiasma is found, by means of which they are kept united during 
the following phases until metaphase. Even though they have 
paired cytologically in all their length, the proper homologous 
segment would be restrained to a small region (Fig. 10). 

After the rotation has taken place and the multiple sex chromo- 
some has definitively extended in its three components, during the 
whole diplotene, its constitution is the following: the X segment 
is positively heteropycnotic, the XA segment is negatively 
heteropycnotic and the Y segment presents a slightly visible 

















y, A 
Fic. 10. The pachytene pairing, formation of the distal chiasma at diplotene, 


rotation and terminalization movements of XA and Y. The X chromosome is 
in black. The circles are the centromeres. 





122 Saez and Diaz 


heterochromatization from the middle and is accentuated to- 
wards the proximal end (Figs. 9f, 15, 16,21). 

The fact that during the diplotene the Y appears shorter than 
the XA does not mean that they really have a different size, al- 
though the XA segment has less chromatin condensation than the 
Y. In the metaphase I it is corroborated, notwithstanding, that 
both homologues are of the same size for they present the same 
degree of nucleoproteic condensation (Figs. 3, 5, 22). Hence, 
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Fics, 11, 12, 13, and 14. The behavior of the sexual multiple during pachy- 
tene. ¢ structural differentiation in the XA nor in the Y can be seen. 

Fios, 15 and 16, The sexual multiple at medium diplotene, Feulgen stain. 
Fic, 15 shows a photomicrograph with phase contrast optic. At left is the 
positive heteropycnotic X, followed by the euchromatic XA, which is fol- 
owed by a constriction and the Y that has a slightly positive heteropycnosis. 
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probably no pericentric rearrangements nor duplications, nor 
deletions must have taken place. 
In all the cells observed, the neo-X neo-Y is segregated dis- 
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Fics. 17, 18, 19 and 20, The end of pachytene, early diplotene, late diplo 
tene and medium diplotene. See Fic. 9, 





124 Saez and Diaz 


tributing its components in regular form during anaphase I (Figs, 
23, 24). 


Discussion 


Former investigations have shown that in some species more 
than in others, differential traits are found between the homol- 
ogous XA and Y. In Mermiria bivittata and M. maculipennis 
maclungi described by McClung (1917) and mentioned by King 
(1950) a similar chromatinic condensation would take place in 
both elements XA and neo-Y, but a difference in form and size 
was found in metaphase I, due probably to structural rearrange- 
ments that took place in the neo-Y. This same author (1950) 
found in Mermiria intertexta that they differ in size though they 
have the same form and present heteropycnosis of the neo-Y., In 
Hypochlora alba King (1950) they have the same form and size 
and present proximal heteropycnosis of the neo-Y. Helwig (1941, 
1942) described three species in which no differences between the 
XA and its homologous Y were found during metaphase. White 
(1953) in Paratylotropidia beutemulleri found the same size of 
the XA and neo-Y during metaphase I but found differences in 
the pachytene and diplotene because there are heteropycnotic 
regions in the Y. Ray-Chaudhuri and Guha (1952) found dif- 
ferences in structure during diplotene and in size during meta- 
phase in Thisiocetrus pulcher. A very interesting situation 1s 
found in Hesperotetti viridis with several subspecies studied by 
McClung (1905, 1914, 1917); the X chromosome is free in H. 
viridis brevipennis; presents a centric fusion with an autosome 
in H. viridis pratensis and in H. speciosus, while in some popula- 
tions of H. viridis viridis there are individuals that have a free X 
or the X is united to an autosome. Sometimes both types of indi- 
viduals coexist in the same population. Two cytological classes 
of males and three of females would prevent the definite fixation 
of the fusions. Hence, an adaptative value can be ascribed to this 
peculiar cytological condition of the species (White, 1954). 

It is a pity that only the configuration of metaphase I of this 
interesting species is known and that the study of the meiotic 
prophase has not been done, as it would have supplied important 
evidence about the heterochromatization gradient and concom- 
itant phenomena that led to a loss of homology and the isola- 
tion of the neo-Y. No doubt the autosomes were later transformed 





Fic. 21. Late diplotene. At the top is the positive heteropycnotic X, followed 
by the two autosomes related by a terminal chiasma. These autosomes are 
hypochromatic, except for a small positive heteropycnotic region at the 
proximal end of the Y. 

Fic. 22. Metaphase I (polar view) showing the sexual multiple (at right in 
side view). 

Fic. 23. Medium anaphase I with the two larger bivalents delay ed. The 
neo-X in the superior pole (right). 

Fic. 24. Anaphase I with 11 chromosomes in each pole. Beneath, the neo-X 
advanced and in the opposite pole the Y indicated by an arrow. 
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respectively into a neo-X and a neo-Y which were at the begin- 
ning homologous, as was suggested in a general form by Muller 
(1932). The process must have been accomplished by mutation 
of the autosomic genes to the inactive or recessive state of its 
alleles. It is difficult to know if the heterochromatization his- 
torically preceded the translocation or if it has taken place after 
the fusion was accomplished; whatever might have been the 
process, the result was the genetic isolation of the neo-Y from its 
homologue that formed an arm of the neo-X. 

If we admit that the fusions were produced first, and then there 
begins the structural transformation that should definitively iso- 
late the X and the Y segments, such as we see in Xyleus judging 
by the structure of the neo-Y during meiotic prophase, this proc- 
ess would be an early stage. Once the centric fusion is established 
and definitively fixed in the species, structural rearrangements 
take place in the neo-Y that bring about still more inequality in 
the primitive homology with the XA. In Xyleus the relative size 
of the XA and the Y have not changed, probably because not 
enough time has elapsed so that rearrangements could take place. 

If, as we said at the beginning, the importance of this problem 
lies in the finding of species that exhibit changeable degrees of 
cytogenetic differentiation between the members of the auto- 
somic pairs that are involved in this evolutionary change, we are 
able to assert that X yleus laevipes represents an example of recent 
accomplishment of the neo-X neo-Y mechanism. 

As studies are extended in this direction, new steps in the series 
will be discovered, which will allow a differential gradient to 
be established; between its ends all the stages will be found, from 
those in which the homologues are the same in all their character- 
istics, up to the most highly evolved forms in which the homology 
has been completely lost. The different steps in the evolution of 
this process must be found indirectly in genera without phylo- 
genetic relationship, as well as in closely related species. 


Summary 


Xyleus laevipes (Stal) is a South American species of the 
Romaleinae subfamily with 2n ( 4 ) = 22 chromosomes, in the 
karyotype of which a metacentric chromosome originated from a 
centric fusion due to a translocation between the X chromosome 
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and a medium-sized autosome. This has created a neo-X neo-Y 
system of sex determination. 

In spermatocyte I, 10 bivalents and one multiple element of 
characteristic configuration, are found. The latter is formed by 
the association of X with a bivalent autosomic whose homologous 
unfused members are of the same type and shape. 

Anaphase I produces two types of spermatocytes II, with 11 
acrocentric chromosomes and with 10 acrocentrics plus a meta- 
centric, respectively. 

During the pachytene phase a brief pairing occurs between the 
fused autosome XA and its free homologue, Y. In the diplotene,. 
X and Y separate by a divergent rotation and then remain associ- 
ated by a short homologous segment; in this region a distal 
chiasma is constituted that quickly terminalizes and keeps them 
united until anaphase I. 

No structural differentiation between the XA and the Y is 
visible during the pachytene. Only during diplotene is a slight 
heterochromatization visible in the proximal end of the neo-Y, 
hence the neo-X neo-Y sex mechanism is probably of recent 
origin in this species. 

It is possible that in this species one of the initial steps is given 
in the differentiation gradient that leads to the genetic isolation 
of the Y chromosome. 
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A LARGE DIMENSION VERTICAL APPARATUS 
FOR ZONE ELECTROPHORESIS* 


ANpbREWw V. SCHALLY, RicHarp N. ANDERSEN 
AND HuBert G. LoveELapy 


The interest in the fractionation of closely related and highly 
labile peptides of hypothalamic or neurohypophysial origin led 
us to consider the construction of a large vertical column, where 
these substances could be separated by zone electrophoresis under 
very mild conditions. The column is suitable for the separation 
of positively or negatively charged substances of biochemical and 
physiological importance. Studies presently underway are con- 
cerned with the separation of vasopressin, oxytocin, a- and f- 
Melanocyte Stimulating Hormones, and Corticotropin Releasing 
Factor (CRF). 

The design of the apparatus is based on theoretical consider- 
ations and experimental findings of Porath and Flodin (2, 3, 4). 
Valuable experience in constructing this large column was gained 
also from operating a commercially available LKB 3340 Electro- 
phoresis Apparatus with 40 cm. column (LKB-Produkter, 
Fabrisaktiebolag, Stockholm, Sweden). Some of its features, such 
as the elution device of Svensson (5), have been incorporated 
into the design of the large column after major modifications and 
improvements, as all did not prove satisfactory in the commer- 
cially available apparatus. Modifications introduced make the 
apparatus easy to manufacture and assemble in spite of its large 
size, and also eliminate the need for disconnecting parts through- 
out the operation. The built-in elution device consisting of a 
standard taper 50/20 female ground glass or Teflon joint sealed 
to 1 mm. capillary, and the U-tube arrangements between the 
powder column and the anode and cathode vessels, allow for the 
displacement of the separated fractions and for the filling of the 
apparatus without any dismantling. The apparatus (Fig. 1) once 
assembled is used repeatedly. 

Pyrex glass was used throughout for the manufacture, except 
for a perforated Teflon-platinum disc supporting the powder 
column 4 x 160 cm. This column is provided at the bottom with a 
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50/20 ground male joint fitting into the elution cup. A condenser 
jacket, E, (8 cm. diam) sealed over the column allows for effi- 
cient cooling by water at 2—10° C, circulated from a refrigerated 
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Fic. 1. Schematic diagram of the assembled column electrophoresis apparatus. 





Vertical Apparatus for Zone Electrophoresis 131 


bath with a capacity of 12,000 BTU/hr. by an electric pump, 
(Midget, Eastern, type D-11). 

Two standard taper joints (71/60 and 50/50). glass bends 
(4.5 cm. diameter) and two 65/40 ball and socket joints connect 
the main column with large capacity (7 1.) electrode vessels, A, 
B, (8 cm. diam.). 

A minimal cross section of 12.5 sq. cm. throughout the con- 
nections minimizes losses in field strength. The effective field 
across the column is 86% of the applied potential. The electrodes. 
C, made of 0.5 mm. platinum wire wound on hollow glass rods 
and sealed externally to copper wire, are provided with openings, 
D, below the 19/38 ground joints to allow the electrolytic gases 
to escape. The electrodes are connected to a power supply capable 
of yielding stabilized voltage up to 4000 v. and a direct current 
of 300 ma. This custom-made power supply model P-3000 is 
available from Custom Electronic Labs, 2850 Monticello Drive, 
Houston 25. 

The column is packed with ethylated a-cellulose [Cotton lint- 
ers pulp type 1A-Y-500, Buckeye Cellulose Corporation, Mem- 
phis 8, Tennessee, treated with acetyl] chloride in absolute ethanol 
in 600 g. batches, according to the method of Flodin and Kupke 
(1)]. 

The apparatus is mounted with 11 clamps on a 2-in. diam. 
aluminum pipe 13 ft. long secured to the floor and the ceiling. 
For packing and elution a hydrostatic head of about 10 feet from 
the top of the column was used. A total vertical space of about 24 
ft. was required. This was accomplished by drilling a hole in the 
ceiling leading to the upper floor for the Tygon tubing connec- 
tions. 

On prolonged electrophoresis the buffer around the electrodes 
only is decomposed, usually after about 18 hours. This hot buffer 
can be changed conveniently and speedily by displacing it 
through the gas escape holes in the electrodes, D. by filling from 
the bottom through the side arms, F, G, on the anode and cathode 
vessels, respectively. 

This apparatus can be used for density gradient electrophoresis 
and can be adapted for continuous migration-elution. 

The glass and Teflon parts of the apparatus described were 
manufactured by Houston Glass Fabricating Co., 5313 Harris 
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burg Blvd., Houston 11, and their detailed design is available 
from that company. 
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STUDIES ON CORTICOTROPIN RELEASING FACTOR: 
ION EXCHANGE CHROMATOGRAPHY OF 
PITUITARY PREPARATIONS.* 


ANDREW V. SCHALLY AND RoGeER GUILLEMIN? 


We have previously presented evidence that a peptide present 
in the hypothalamus and commercial posterior pituitary extracts 
was active in specifically stimulating the release of ACTH® from 
the anterior pituitary in vitro and in vivo at doses much smaller 
than those of any other substance (11,14,30,31,32). 

This peptide, designated CRF, was purified by precipitation 
procedures according to the technique of Kamm et al. (18) fol- 
lowed by paper chromatography and/or electrophoresis (11,30. 
31). With the need for preparation of CRF in quantities sufficient 
for degradation and structural work and for basic physiological 
studies we have replaced the previous techniques by ion ex- 
change chromatography, counter-current distribution and zone 
electrophoresis in powder columns. This report deals with the 
chromatographic behavior of neurohypophysial extracts. puri- 
fied posterior pituitary hormones, a-MSH and ACTH on car- 
boxymethylcellulose and IRC-50 cation exchange adsorbents 
under the conditions used for concentration of CRF. 

The findings confirm that CRF is distinct from the vasopres- 
sins, oxytocin and ACTH. 


Materials 


Pituitary preparations. The pituitary powders of hog origin were a gift from 
Parke-Davis & Co. Protopituitrin, (batch No. 210996-U-1227K) and Pitressin 
Intermediate, (batch No. 198633 110—127600, 7.5 pressor units per mg. and 3 
oxytocic units per mg.) which are fractions C and D in the Kamm procedure 
(18) as outlined by Waring and Landgrebe (38) were both treated 3 times 
with oxycellulose to remove ACTH (2). 

A concentrate of vasopressin and CRF was obtained in the following way 
10 gms. Pitressin Intermediate were dissolved in 200 ml. 98 per cent (volume 
per volume) acetic acid, insoluble material was removed and 160 ml. acetone 
were added. The precipitate (A) contained mostly proteins which were re 
moved by centrifugation. 

Peptide and protein material in the supernatant was precipitated by the 
addition of 1400 ml. freshly redistilled diethyl ether, The precipitate was 
dried in vacuo, redissolved in 0.1 M acetic acid and lyophylized, Yield was 2 
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gm. material (precipitate B) assaying 15-35 pressor units per mg. and 14 
oxytocic units per mg. 

Oxytocin and lysine vasopressin were purified by the method of Schally 
et al. (33) and a-MSH by the method of Steelman* et al. (35). 

Arginine vasopressin was made by the method of Ward‘ and Guillemin 
(37) and corticotropin-A of hog origin was supplied by Armour Pharma- 
ceuticals®, 

lon exchange adsorbents. Carboxymethylcellulose synthesized as described 
previously (33) and IRC-50 (XE-64) resin®, purified according to Hirs et al. 
(17) were both treated with 8-hydroxyquinoline in order to insure an absolute 
minimum of heavy metals. Buffers made from redistilled acetic acid and 
ammonium hydroxide contained 0.2% chlorobutanol as a preservative. Glass 
distilled water! was used for making-up all the solutions and for rinsing the 
glassware, washed previously in detergent and Versene. 


Methods 


Chromatography. This was carried out in glass columns equipped with 
Ultramax or needle valves. The columns were packed as described by Peter- 
son and Sober (23) for cellulose exchangers and by Hirs et al. (17) for IRC- 
50, respectively. The flow rates were reduced to 4-8 ml. per cm.? per hour. 
CMC columns were often regenerated with 2N acetic acid followed by water 
and re-used after re-equilibration with buffer. The elution of protein and 
peptide material was effected by the use of buffers of progressively increasing 
ionic strength and pH. Under the conditions of constant volume the resulting 
gradient curves were convex upward. 

The recoveries of protein nitrogen on CMC were around 90% when 1 gm. 
material was applied on the column, but they were smaller when quantities 
of the order of a few mg. were used. 

Colorimetric methods. The concentration of peptide material in 1-200 ul. 
aliquots of the effluent was measured routinely by the Folin-Lowry reaction 
(22) scaled down to a total volume of 0.325 ml, (33). Since in this reaction 
the amount of color varies with different peptides and proteins, when the ac- 
tivities are expressed on the basis of units per mg., the effluents were analyzed 
by a sensitive micro biuret method, Protopituitrin being used as a standard. 
This reaction was based on Goa’s (10) copper reagent and his absorption 
maximum for the biuret color at 330 mu. 

Reagents. Reagent A, N NaOH, Reagent B, 18N NaOH. Reagent C (Bene- 
dict’s reagent), 173 gm..sodium citrate and 100 gm. Na,CO,. Dissolve in hot 
water, filter and mix with a solution of 17.3 gm. Cu SO,. 5H,0 and make up 
to 1 1. 

Procedure. a) For samples containing 0.2-4.0 mg. per ml. of protein: to 
50 wl.* aliquot of solution add 150 wl. N NaOH, mix and follow with 10 al. 
Benedict's reagent. Mixing is done by “buzzing” (22) in both instances. 

b) For samples containing 0.025-1.0 mg. of protein per ml.: to 200 al. 
solution add 10 ul." 18N NaOH (or more if the solution was more than 0.4N 
in acid) and follow with 10 yl. Benedict’s reagent. Read at 330 mu. after 15 
min. or longer against a reagent blank in a Beckman Model D.U. spectro- 
photometer using microcells, 
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In this modification of Goa’s estimation of proteins in tissue fluids, the pre- 
cipitation with trichloroacetic acid is not necessary. This results in great 
speeding up of the procedure and up to 200 samples can be analyzed daily. 
Ammonium acetate, trimethyl or triethyl ammonium acetate in concentra- 
tions up to 0.5N do not interfere, but the samples should be read against a 
corresponding blank as there may be slight increases or decreases in color 
yields from protein in various buffers. The absolute O.D. readings for identical 
amounts of various proteins do not differ more than 20%. The O.D. for 50 ug. 
bovine serum albumin is about 0.300 and the readings at 330 my follow Beer’s 
law between 5-200 yg. 


Bioassays 


Oxytocin: The vasodepressor effect of oxytocin in the fowl was used as an 
assay according to Thompson’s modification (36) of the procedure of Coon 
(6). 

Vasopressin: The method of Dekanski (7) based on the vasopressor activity 
of vasopressin in the rat was used. 

Both assays for oxytocin and vasopressin were conducted as bracketed assays 
against the USP XV posterior pituitary reference standard. 

MSH: A modification of the in vitro photometric method of Shizume et al. 
(34) was used. The MSH-standard utilized was the original standard of 
Shizume et al. (34). The MSH-unit considered here is therefore, similar to 
that of these authors. 

ACTH: Adrenocorticotrophic activity was measured in the 24-hour hypo- 
physectomized rat using levels of plasma corticosteroid as index of adreno- 
cortical stimulation (12). All assays were done using the USP Reference 
Standard for corticotropin. 

CRF: Corticotropin-releasing-activity was measured in vivo in the morphine- 
nembutal “blocked” rat with plasma corticosteroid levels as index of adreno- 
cortical stimulation, all fractions being administered at a constant 30 milli- 
units vasopressor activity, according to the method previously described 
(13,32). The in vitro assay of Saffran and Schally (29) as modified by Guille- 
min et al. (11) was also used on various fractions previously tested in vivo. 
The results of the two methods were confirmatory. Fractions with high CRF 
specific activity were also studied with negative results for inherent ACTH 
activity and potentiation of ACTH at the adrenal level in vivo and in vitro 
(13,14). Also it has been demonstrated (14) that CRF obtained by chroma 
tography on CMC as reported here, does not act by inhibition in vitro of 
inactivation of ACTH (a suggestion proposed (3) as an alternative explana 
tion to the activity of CRF). A provisional CRF-unit used for following the 
purification of this material has been defined as the activity corresponding to 
that of 100 ug. of the crude CRF concentrate “fraction D” of Guillemin et ai. 
(11). 


Results and Discussion 


Satisfactory results for the separation of oxytocin, vasopressins 
and ACTH on CMC were obtained using a continuous pH and 
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concentration gradient. The chromatographic pattern and bio- 
logical activities obtained are shown in Fig. 1. 

There was a good separation of oxytocin, pI 7.7 (9) from 
lysine and arginine vasopressin, pI 10.0 and 10.9 respectively 
(9,37) and ACTH. A small peak preceding oxytocin represents 
an impurity in this particular preparation. The inherent oxytocic 
activity of vasopressin (9) was also observed. Previously, Ward 
and Guillemin (37) have shown that a resolution of lysine from 
arginine vasopressin can be achieved on this cation exchange ad- 
sorbent. This separation can be extended to oxytocin and ACTH. 
Data on the behavior of corticotropin on CMC under a gradient 
of calcium chloride in 1M acetic acid were reported by Raben 
(27). It is interesting that ACTH has a greater affinity for CMC 
than the vasopressins, in spite of lower isoionic and isoelectric 
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Fic. 1. 10 mg. oxytocin, 8.5 mg. lysine vasopressin, 1.5 mg. arginine vaso- 
pressin and 3.8 mg. corticotropin-A were applied on CMC column 1 x 25 cm., 
hold-up volume 12 ml., equilibrated with 0.02M, pH 4.6 ammonium acetate 
buffer. Gradient to 0.1M, pH 7 buffer was started at tube No. 23 through a 
250 ml. mixing flask, containing 0.02M buffer. After collecting 298 1.2 ml. 
fractions, the gradient was changed to 1M, pH 8 buffer through the same 
flask, now containing 0.1M buffer. The Folin-Lowry analyses were performed 
with 50 yl. aliquots. 
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points. The isoelectric point of a-corticotropin has been reported 
as 6.6 and the computed isoionic point as 9.3 (26). a-corticotropin 
differs from corticotropin-A in alanine-serine sequence appear- 
ing for leucine-alanine residues (20) and also has two amide 
linkages (19) instead of one for the porcine hormone. Hays and 
White (16) reported the isoionic point of corticotropin-A as 
being in the range of 7-8, and Dixon and Stack-Dunne (8) place 
the pI of corticotropin-A, between 5.1 and 8.2. Thus, the affinity 
of corticotropin-A (for the ion exchanger) could perhaps be re- 
lated to the fact that it contains 39 amino acid residues (20) in- 
stead of 8 for the vasopressins (9), and by its molecular configu- 
ration, ACTH being a single chain polypeptide (20) and the 
vasopressins cyclic pentapeptides with a tripeptide side chain 
(9). Boardman and Partridge (4) were the first to suggest that 
indeed not only the net change reflected by the isoelectric point 
and resulting in electrostatic attraction, but also the molecular 
size and configuration controlling the secondary short range 
forces (hydrogen bonds and Van der Waal’s forces) determine 
the affinity of the molecule for the ion exchange adsorbent. 

Steelman et al. reported the separation of a- and B-MSH on 
CMC (35) and pointed out that their a-MSH preparations were 
always contaminated with vasopressin. Fig. 2 shows the results 
of chromatography of lysine vasopressin, arginine vasopressin 
and a-MSH on a long CMC column. Lysine vasopressin and 
a-MSH gave a single peak which was almost symmetrical, There 
was, however, a definite shift of a-MSH to the right of lysine 
vasopressin as shown by the bioassays and similarly the ultra- 
violet absorption at A = 278 mp» (not shown) was also shifted to 
the right, reflecting a greater specific absorption of the a-MSH 
due to the tryptophan residue. 

In an effort to determine the separation of oxytocin, vasopres- 
sin and CRF on a preparative scale, a concentrate of CRF was 
chromatographed on CMC (Fig. 3) under the conditions similar 
to those described. Though oxytocin and vasopressin were well 
separated, pressor and CRF activities were closely related in their 
behavior on CMC, Maximal CRF activity was consistently found 
to be shifted to the left of the vasopressin peak. This pattern would 
support the concept that CRF is different from a-MSH, which is 
shifted to the right of lysine vasopressin but is no conclusive proof 


in view of the inherent limitations of the bioassays involved. 
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Fic. 2. 7 mg. lysine vasopressin, 2 mg. arginine vasopressin and 6.7 mg. 
a-MSH were applied on a CMC column 1 x 25 cm., hold-up volume 25 ml., 
equilibrated with 0.02M, pH 4.6 buffer and gradient to pH 7; 0.1M buffer 
was started at tube No. 12 through a 250 ml. flask. 1.2 ml. fractions were col- 
lected. 50 yl. aliquots were analyzed with the Folin reagent. 


Fractions No. 166-173 were active to release ACTH at the level 
of 0.15 »g. Lysine vasopressin (290 units per mg.) is not active 
at levels less than 0.4 yg. (13,32). The potency of oxytocin in 
fractions 35-60 was 100-380 units per mg. and that of vaso- 
pressin in fractions 165-200 was 200-300 units per mg. Since 
there is incomplete separation of CRF and lysine vasopressin on 
CMC, the concentrates obtained after CMC are used for zone 
electrophoresis and counter-current distribution. Both these tech- 
niques have afforded good separation of vasopressin and CRF. 

Chromatography on IRC-50. Chromatographic mobilities and 
biological activities obtained on IRC-50 resin are shown in Fig. 4. 
Oxytocin was well separated from lysine vasopressin which, in 
turn gave a better resolution from arginine vasopressin on this 
resin than on CMC. 

ACTH and arginine vasopressin were only partially resolved, 
ACTH activity being concentrated on the descending edge of 
arginine vasopressin, A small peak preceding oxytocin represents 
an impurity. 
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When lysine vasopressin and a-MSH were chromatographed 
on a column of IRC-50 under a gradient of 0.4M. pH 6 to 0.8M, 
pH 7 buffer, lysine vasopressin emerged first at about 8 holdup 
volumes followed by a-MSH. 

Fig. 5 shows a chromatogram of Protopituitrin on IRC-50. 
The peak of oxytocic activity emerged at Tube No. 220 and was 
well resolved from lysine vasopressin. CRF activity followed 
lysine vasopressin and was well separated from it. These CRF 
samples were active at 0.2 pg. It is possible that high pressor 
activity found in the CRF area may be partially due to a con- 
tamination of arginine vasopressin in this batch of commercial 
Protopituitrin. The gradients reported here differ from those 
Light, Acher and du Vigneaud (1,21) used in their studies of 
posterior pituitary hormones on IRC-50. 

Experiments reported here demonstrate that there is in com- 
mercial posterior pituitary extracts a substance releasing ACTH 
(CRF), different from oxytocin, lysine and arginine vasopressin 
and ACTH, on the virtue of its mobility on CMC and on IRC-50. 
The data obtained on CMC permit only partial differentiation 





—— PEPTIDE CONCENTRATION 
x--«x OXYTOCIC ACTIVITY 
o-—o PRESSOR ACTIVITY 
a----@ CRF ACTIVITY 


CRF UNITS / 
FRACTION 


a 
° 
ro) 





ITS/ FRACTION 


PRESSOR OR OXYTOCIC U 
So N 
uO 
$3 


mg. PEPTIDE / FRACTION 
_— 
8 8 8 


8 














a a ce a ee a 
010 30 50 70 930 WO ~ 130 
FRACTION NUMBER 








oS I 
150 170 190 210 


Fic. 3. 1 gm. precipitate B applied on a CMC column 1.5 x 55 em, (hold-up 
volume 60 ml.). A gradient to 0.1M, pH 7 buffer through a 500 ml. mixing 
flask containing 0.02M, pH 4.55 buffer was started at tube 26. Fraction size 
was 5 ml. 
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Fic. +. 5 mg. oxytocin, 3 mg. lysine vasopressin, 8 mg. arginine vasopressin 
and 4 mg. corticotropin-A were applied on an IRC-50 column 1 x 30 cm. 
equilibrated with pH 5.6, 0.2M buffer, hold-up volume 11 ml. The gradient 
to pH 8, 1 M buffer was started at tube 16 through a 250 ml. mixing flask. 
Analyses were performed with 50 ul. aliquots. 


between CRF and a-MSH (See above). That the two substances 
may be different would be in keeping with the fact that CRF- 
activity is inactivated by thioglycolate (31)', whereas a-MSH 
is not affected by this SH compound (35). 

All the samples containing CRF activity were tested for ACTH 
in 24-hour hypophysectomized rats at doses twice those injected 
for CRF assay. All were found to be inactive. The precaution is 
not necessary in the case of fractions obtained from CMC as the 
mobility of CRF is greatly different from that of ACTH, but it is 
essential for fractions from IRC-50. Though the materials were 
treated with oxycellulose, it is possible that traces of ACTH could 
become concentrated in the zones of the chromatogram immedi- 
ately following arginine-vasopressin and CRF, thus giving a posi- 
tive answer in the assay not due to CRF activity (25). 


At this point. it might be pertinent to comment on what we 
consider should be the biological requisites for characterization 
of a given substance as physiological CRF. Several groups of in- 
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vestigators are actively working in this field; each of them uti- 
lizes different systems to assess and characterize CRF activity 
(11,24,25,28,32). This brief discussion is intended to point out 
that a single test system cannot characterize physiological CRF. 

1. CRF is a substance of hypothalamic (and neurohypophy- 
sial?) origin which has been postulated (15) as the ultimate 
mediator of the activation of the adenohypophysis for corticotro- 
pin release when an animal is exposed to any “stress” situation’. 
By definition, therefore, CRF should stimulate release of ACTH 
by acting directly at the level of the adenohypophysial tissue, in 
contradistinction to any other substance (endogenous, or exog- 
enously administered) which requires intact hypothalamo- 
hypophysial connections to produce release of ACTH i.e. which 
acts as a non-specific agent. This consideration excludes the use 
of the normal intact animal as a test to characterize CRF. 

The ideal test object for CRF is, therefore, an animal which 
will not respond (by releasing ACTH) to a variety of stresses, 
but which has an intact pituitary. This can be achieved by phar- 
macological “blockade” of the hypothalamo-pituitary connec- 
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Fic. 5. 1.5 gm. material was applied on an IRC-50 column 3.8 x 46 cm., 
hold-up volume 200 ml., equilibrated with pH 5.6, 0.2M buffer and gradient 
to pH 8, 1 M buffer was started at tube 52 through 1000 ml. flask. 
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tions or by the placement of a small lesion (usually by a stereo- 
taxic technique) in the median eminence of the hypothalamus, 
Adequate placement of the lesion as confirmed by histological 
reconstruction of the brain is not suffcient per se: one must as- 
sure that the lesion is effective, i.e. inhibits response to stress. 
This should be assured for each animal used subsequently to 
characterize CRF activity of a substance. This requires that 
multiple assessments of release of ACTH be possible in the same 
animal. It must also be demonstrated that the sensitivity to 
ACTH of this preparation is within reasonable limits (<1.0 
milliunit ACTH USP Standard administered i.v.) and that the 
material investigated as CRF does not act by potentiating any 
circulating ACTH at the level of the adrenal gland. Obviously 
the material investigated must be shown to be free of ACTH 
and/or a possible inherent adrenocorticotropic activity must be 
eliminated by showing the material to have no direct stimulatory 
effect on the adrenals of the 24-hour hypophysectomized rat. 

2. According to the classical rules of endocrinology, the ma- 
terial should be expected to give a linear log dose-response rela- 
tionship over a certain range of administered doses. 

3. Since by definition, physiological CRF acts directly on the 
adeno-hypophysial parenchyma. the substance considered should 
not only be active in vivo according to the rules given above, but 
it should also be active on the isolated pituitary in an in vitro 
system. In this system, it should be shown not to act by potenti- 
ation of ACTH. but by true stimulation of ACTH-release. 

4. In both types of assays. in vivo and in vitro, the substance 
considered when obtained in highly purified form should be 
active at doses smaller than those of any other substance (of 
natural origin) of corresponding degree of purity which may also 
be effective in the same test system. This is a guarantee not only 
regarding the lack of absolute specificity of any of the systems 
mentioned above, but also regarding the possible overlapping of 
activity of closely related substances (of natural or synthetic 
origin ). 

5. The peripheral tests contemplated to assess ACTH-release 
should be highly sensitive and highly specific for the hypophysial 


adrenocorticotropic hormone. They should use undebatabie cri- 


teria for corticoidogenic stimulation. 
6. The material considered should be active to release ACTH 
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in several species, a proposal which does not preclude that there 
may not be species differences in structures or specific activities 
of the corresponding CRF’s (cf. bovine vasopressin and porcine 
vasopressin ). In the human, it should increase concentrations of 


plasma and urinary 17 0H-corticosteroids in complete absence of 


discomfort during or following administration (which might in 
volve non-specific ACTH release ). 


Necessary demonstration of these various biological character 
istics for CRF requires considerable time, several unrelated bio 
assay techniques and may well constitute the most difficult aspect 
of the characterization of this elusive substance. So far. only the 
CRF preparations reported by this laboratory have fulfilled all 
the requirements explicited above (5,11.13,14). 


Summary 


A sensitive biuret reaction was adapted for the estimation of 
peptides and proteins in effluent fractions after chromatography. 

Chromatographic mobilities of oxytocin, lysine and arginine 
vasopressins, ACTH and a-MSH were determined on CMC and 
IRC-50 cation-exchangers under various gradients of pH and 
ionic-strength. These findings were discussed in the light of 
known structures of these hormones. Commercial posterior 
pituitary preparations were chromatographed on the same ion- 
exchangers in view of separating CRF. CRF activity based on an 
in vivo assay followed oxytocin and preceded lysine and arginine 
vasopressin, a- MSH and ACTH on CMC, but followed oxytocin 
and lysine vasopressin on IRC-50. 

The necessary requisites for validation of a substance as phys- 
iological CRF have been discussed. 
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gift of Amberlite Resins. 


f BARACOP still, Baird & Tatlock Ltd., Chadwell Health, Essex, England, 


£In all the microanalyses, automatic micropipettes available from H. E, 
Petersen, Carlsberg Laboratories, Copenhagen, Denmark, were used. 


h Because of high viscosity of this solution, use a micropipette with wider 
constriction. 


i Inactivation of CRF by thioglycolate reported earlier on the basis of in 
vitro assays (31) was recently confirmed in this laboratory in experiments 
in vivo. It has recently been brought to our attention by Dr. M. Raben that 
this data may not prove that CRF and a-MSH are different molecules: the 
two activities (melanocyte expanding and corticotropin releasing) could 
belong to a single molecule, one of them only being destroyed by thioglycolate. 
A similar case in point is the destruction of the adrenocorticotrophic activity 
of pure ACTH by NaOH when at the same time the inherent melanocyte 
expanding activity of the molecule is untouched or can even be increased. 
This interesting suggestion is presently investigated in our laboratory. 


i It is not our purpose here to expand on the physiology of the control of 
ACTH. Several reviews have been recently written to this effect (see volumes 
18-21 of Annual Review of Physiology) 





BOOK NOTES AND REVIEWS 


Staphylococcus pyogenes and its Relation to Disease. Stephen D. 
Elek, Edinburgh and London: E. and S. Livingstone, Ltd. 
1959. 767 pp., $15.00. 


Although basic mechanisms of infection and resistance in regard to the 
staphylococci were the subject of intense activity during the 1930's, interest 
in these aspects of staphylococcal infection waned considerably following the 
introduction of the then effective chemotherapeutic agents in the early 1940's. 
The emergence of penicillin resistant strains several years later focused 
attention on the application of newly discovered antibiotics as well as the 
search for others which might prove effective. It was, however, soon recog- 
nized that resistance to most of the newer agents was often rapidly acquired 
following their extensive use. In addition, the predominance of certain 
strains in epidemics throughout the world served to re-focus attention on the 
staphylococci as pathogens of primary importance which presented a special 
problem due to their ability to acquire resistance to the antibiotics. 

In view of this, Dr. Elek’s Herculean effort to gather the widely scattered 
literature on the staphylococci into one volume is most timely. The author 
has compiled a highly readable book containing the more pertinent informa- 
tion regarding the history. taxonomy, metabolism, antigenic structure, phage 
lysis, and distribution of these organisms. Particular emphasis has been 
placed on the role of staphylocoagulase and of the other enzymes and dif- 
fusible toxins. Chapters on virulence testing, resistance and immune mech- 
anisms, and antiseptics and chemotherapeutic agents are included. A brief 
discussion of the clinical problems of staphylococcal infection is provided. 
From the foregoing, it may be gathered that this book has limited application 
in the purely clinical field. On the other hand, its value for investigators 
interested in basic factors in staphylococcal infection is unlimited. The com- 
pilation of a bibliography consisting of some 4000 pertinent references is in 
itself a major accomplishment. More significantly, Dr. Elek has succeeded in 
coordinating this vast wealth of information into an understandable whole. 
While refraining from generalizations, he has managed to point out the 
many gaps which exist in our knowledge of the mechanisms by which these 
organisms produce disease. 

Joseph A. Bass, Ph.D. 


Berde, B.: Recent Progress in Oxytocin Research. pp. 110. Charles 
C Thomas, Springfield, Illinois. 1959. 


This is a refreshingly critical exegesis of biologic properties of a chemical 
agent, the formula(e) of which has only recently been exploited biochemor- 
phically. Oxy-(Gr., swift)-tocin-(Gr., birth) occurs in the pituitary of male 
as well as female animals. Admittedly, “oxytocin released during coitus 
accelerates the ascent of spermatozoa in the reproductive system; oxytocin 
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secretion resulting from dilatation of the cervix and body of the uterus in- 
creases the contractile activity of that organ during labour; and the release 
of oxytocin in response to stimulation of the mamilla facilitates the emptying 
of the mammary gland during lactation, simultaneously promoting the post- 
partum involution of the uterus. Oxytocin may even be involved in menstru- 
ation.” All of this. and the chemistry, biochemorphology and biochemistry of 
oxytocin are amply documented. Interlaced are provocative teleological ques- 
tions—what functions has oxytocin in the male, the non-pregnant female, the 
non-lactating female? To those catevorically ‘n-l'ned as to the meaning of 
labels of drugs. this is a pleasant reminder that oxytocin, as all other drugs 
acting systemically. has actions on all cells of the organism. Specially con- 
sidered are cells of the renal tubules, vascular muscle and myocardium, and 
the indirect effects on membranes of actions on electrolyte balance. This 
pharmacologic approach. so often forgotten or neglected in practice, is a 
challenge to reasoning powers vs. passive acceptance of the half-truths of 
caterorical authority: the more wid~lv it is adopted or remembered, the more 
intelligently can pharmacologic tools be usefully applied in the art of thera- 
peutics. 
G. A. Emerson 


Handley. Carroll A. and John H. Moyer: The Pharmacology and 
Clinical Use of Diuretics. pp. 194. Charles C Thomas, 
Springfield, Ilinois. 1959. $6.00. 


Rapid progress in this field. in which both contributors are pre-eminent 
authorities by virtue of their cogent basic and clinical research on decisive 
problems, is evidenced by the necessity for an addendum dealing with tri- 
fluoromethylthiazide, hydrochlorothiazide and chlorothiazide, contrasting 
with an unequivocally established appendix outlining Na-restricted diets 
which immediately follows this addendum. Rational advance from demonstra- 
bly reproducible experimental data to informed opinions on indicated thera- 
peutic uses is made throughout, with commendable distinction between the 
known, or reasonably understood, and the unknown. Full treatment is given 
to the values and limitations of carbonic anhydrase inhibitors. xanthine and 
isocytosine derivatives. triazines. a valeramide derivative and a steroid acting 
as an anti-aldosterone agent. This material is presented simply and is de- 
signed for full understanding of pertinent clinical factors by clinicians not 
specially versed in the basis of recent advances, with the conclusion that 
non-mercurial diuretics “will probably never entirely replace the mercurial 
compounds, but do appear to have an important place in diuretic therapy.” 
The most extensive portion of the text is accordingly devoted to a painstaking 
discussion of the differences between the presently clinically useful mercur- 
ials; and of uses of their adjuvants and synergists. Distressingly poor editing 
does not destroy the clarity of this presentation. but it is hoped that an early 
second edition will correct the grammatical errors which mar 23 pages of 
text, and the typographical errors which appear on 44 pages. None of these 
lapses seriously interferes with understanding, even when the result is semi- 
nonsense (p. 91); more unfortunate are the characterizations (p. 114) of the 
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jsocytosine compounds as “derivatives of the pyrimidine base cytosine which 
occurs in nucleic acid’’ and of the xanthines as “derivatives of purine which 
is found in nucleic acid” as well as the three technically incorrect structural 
formulae of benzothiadiazines on p. 175, particularly since the typographer’s 
ability to delineate this structure correctly is demonstrated on p. 92. Incon 
sistency might also be charged in the use of the term “natriuretic” when 
“kaluretic” is beside it and “hyponatremia” and “hypokalemia” so agreeably 
accompany each other in the text. Such nitpicking details do not detract from 
the true value of this important monograph as a welcome authoritative state- 
ment in a difficult, rapidly advancing subject—but. as multiple irritants which 
could have been avoided even in the exigencies of hasty composition, they do 
not embe'lish it, either. O Tempora! O editores! 
G. A. Emerson 


Pain and Itch. Ciba Foundation Study Group Number 1, in honor 
of Dr. Y. Zotterman, G. E. W. Walstenholme and M. O’Con- 
nor, eds., 120 pp., 41 il., $2.50. Little Brown & Co., Boston, 
1959. 


The most recent venture of the Ciba Foundation is the convocation of small 
study groups in quite limited fields of inquiry. The first study deals with the 
neural mechanisms of pain and its complexes. Attention is primarily on trans- 
mission lines rather than on receptors or central paths. 

Agreement on definition of pain and itch is not reached but a touch com 
ponent is found wherever sensation can be registered. If vascular reaction is 
used, as in experimental animals, pain must be well beyond minimal severity 
and experiments are not comparable. Small myelinated fibers conduct all 
modes of impulse, so rate, frequency and size are related only in a general 
way. Even unmyelinated fibers are implicated as afferents by several workers. 
The importance of central termination is shown by the differentiation of 
sensory results in bifurcated trigeminal fibers and in blood pressure changes 
by stimulation of cranial motor nerve roots. The difficulty of isolating the 
terminals of fibers of different sizes in diffuse epidermal nets and even in 
specific receptors makes experimental separation very uncertain. even using 
blocks of various sorts. The astonishing innervation of living surface cells in 
Amphioxus and in cornea makes local stimulation without cell injury im 
probable. 

Even if they do not come to agreement the argument is stimulating and the 
potential value of the analysis is worth much. 

John G. Sinclair 


Steric Course of Microbiological Reactions. Ciba Foundation 
Study Group No. 2. Little, Brown and Company, Boston, 
1959, 115 pages, price $2.00. 


No. 2 of the series contains reports and discussions dealing with the sub 
ject: stereospecificity of enzymatic reactions. The group, including 19 par 
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ticipants, met March 17, 1959. Five reports are presented: F. H. Westheimer, 


The steric course of microbiological reactions. An historical review; K. Wal- 
lenfels, Mechanism of hydrogen transfer with pyridine nucleotides; N. 0, 
Kaplan, The steric mechanisms involved in the reactions of lactic acid; P. 
Talalay and H. R. Levy, The steric and molecular specificity of steroid 
dehydrogenases; and V. Prelog, The steric course of some microbiological 
and enzymic reductions of ketones. 

The central problem of the reports and discussions is the investigation of 
the mechanism of hydrogen transfer by dehydrogenases. The use of pyridine 
nucleotide analogues and substrate models have aided considerably the 
understanding of interactions at the active site, but it is felt that the satisfac- 
tory interpretation of the stereospecific properties of enzyme actions has to 
await the analysis of amino acid sequences necessary to reveal geometric 
relationships. Very interesting theories are advanced to explain stereospecific 
discrimination of apparently identical groups in connection with Ogston’s 
principle of three point attachment of the substrate to an asymmetric enzyme 
surface. This well illustrated and carefully edited booklet contains a good 
supply of references and should not only be welcomed by the biologist and 
biochemist but also by the bacteriologist and physician because it implies 
various practical applications for the use of stereospecific enzymes in analysis 
and resolution of racemic compounds. 

Helmut Redetski 





CALLING ATTENTION TO 
OCTOBER, 1959 


Clinical: WC Alvarez notes many causes of migraine in women (Geriatrics 
14/433/59). S Arietic edits (in chief) American Handbook of Psychiatry, 
with III contributors (Basic Books, New York 3, 59, 2 vols, 2100pp, $20). EC 
Anderson & WH Langham show decreasing potassium concentration in hu 
mans with age (Science 130/713/Sept 18/59). H Bartels & Co offer Lungen- 
funktionsprufungen: Methoden & Peispiele klinischer Anwendung (Springer, 
W Berlin, 59, 435pp, DM 98). HF Blum well discusses Carcinogenesis by 
Ultraviolet Light, showing the longer we live the more chance of it (Prince- 
ton Univ Press, 59, 355pp, $6.5). HL Borowitz & WC North show potentiation 
of epinephrine by iproniazid (Science 130/710/Sept 18/59). HN Christensen 
finds decreasing tissue amino acid hunger with age (Geriatrics 14/429/59). 
AP Friedman & HH Merritt edit Headache: Diagnosis & Treatment (FA 
Davis, Philadelphia, 59, 411pp, $8). CA Handley & JH Moyer well discuss 
The Pharmacology & Clinical Use of Diuretics (CC Thomas. Springfield, Ill, 
59, 204pp, $6.5). M C Hope edits important Proceedings National Conference 
on Air Pollution (Publ Health Serv Publ 654, US Govt Printing Office, Wash- 
ington DC, 59, 526pp, $1.75). K Wolff summarizes The Biological, Sociolog- 
ical & Psychological Aspects of Aging (CC Thomas, Springfield, Ill, 59, 95pp, 
$3.75). 

General: CR Austin & EC Amorosa review growth of knowledge on Mam- 
malian eggs (Endeavor 18/130/59). P Bailey edits & translates G. Guil- 
laines’ J-M Charcot (1825-93) His Life, His Work (PB Hoeber, NY, 59, 
202pp, $7). PW Bridgman reviews his own Logic of Modern Physics, pub- 
lished in 1928 by Macmillan of New York (Daedalus 88/518/59). FA Brown 
Jr discusses rhythms of animals & plants (Amer Sci 47/147/59). RL Burch- 
berger’s sharp Image of America is translated by CG Paulding (Viking Press, 
NY, 59, 277pp, $4.5). RJ Dubos considers medical utopias (Daedalus 
88/410/59). H Hoagland well reviews population problems & control of fer- 
tility (ibid 425). RW Johnstone describes Wm Cullen (1710-1790) as skilled 
medical teacher (Med Hist 3/33/59). J Lear takes up the case of a substituted 
drug (Sat Rev Sept 5/59,p45). D McKie reviews significance of phlogiston 
theory (Endeavor 18/144/59). WIC Morris considers brotherly love between 
Wm (1718-1783) & J Hunter (1728-1793) (Med Hist 3/20/59). JL Thomas 
& JC Bennett debate ethics of population control (Daedalus 88/444,454/59). 


Preclinical: ML Barr raises questions about sex anomalies on cell basis (Sci 
ence 130/679/Sept 18/59). BJ Burton edits symposium on nutrition (Fed 
Proc 18/Suppl 3/148pp/59). JAV Butler has a ball Inside the Living Cell 
(Basic Books, NY, 59, 174pp, $3.5). SJ DeSalva & N Ercoli show 2-pheny! 
2-hydroxy-ethyl carbamate (styramate) like meprobamate depresses polysyn 
aptic reflexes & also reticular spinal reflex facilitation (Pro Sce Exp 
Biol Med 101/250/59). JT Edsall edits session on fine structure of macromole 
cules (Fed Proc 18/739-758/59). NB Everett & JM Yoffey show linear in 
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crease in °% of labelled red cells (using Fe®*Cl_) with life of 80 days (Proc 
Soc Exp Biol Med 101/318/59). LF & M Fieser bring Steroids up-to-date 
(Reinhold. NY. 59. 964pp. $18). SL Friess Co note neurotoxic action of holo- 
thurin from sea cucumbers (J Pharmacol Exp Therap 126/323/59). HS Gold- 
berg edits Antibiotics: Their Chemistry & Non-Medicinal Uses (D Van Nos- 
trand. Princeton, 59. 608pp, $15). DJ Impastato introduces symposium on 
nialamide. a substituted isonicotinic hydrazide inhibiting monoamine oxidase 
(Dis Nerv Syst 20/No8, Sect 2/56pp, Aug/59). E Jucker edits Fortschritte der 
Arzneimittelforschung, Vol 1, 1959 (Birkhauser, Basel, SFr 80). N Kamiya 
describes Protoplasmic Streaming (Band VIII 3/a Protoplasmatologia, Lange 
& Springer. W Berlin. 59, 210pp, $13). PK Knoefel & KC Huang report bio- 
chemorphology of renal tubular transport (J Pharmacol Exp Therap 126. 
296/59). JW Linman & Co find monoglycerol ether of n-octadecyl alcohol 
(batyl alc) a stimulant of hemopoiesis (J Lab Clin Med 54/335/59). S Loewe 
analyzos relation between stimulus & response (Science 130/692/Sept 18/59). 
J Oppenhe' mer notes intracellular activities in vertebrate development (ibid 
p 686). G Pincus & Co report effectiveness of oral progesterone contraceptive 
(ibid p 81, July 11/59). JM Reiner invites timid souls to look into the Be- 
havior of Enzyme Systems: An Analysis of Kinetic & Mechanics (Burgess, 
Minneapolis 15. Minn. 59, 317pp. $10). D Rudnick edits good symposium on 
Cell. Organism & Milieu (Ronald Press, NY 10. 59, 352pp, $8). LG Steven- 
son historizes on The Meaning of Poison (Univ of Kansas Press, Lawrence. 
59. 53pp. $2). E Walaszek & LG Abood show 5 5-hydroxytryptamine is con- 
fined to mitochondria in brain cells (Proc Soc Exp Biol Med 101/37/59). 
AU Welsh reviews Psychotherapeutic Drugs from standpoint of dermatology 
(CC Thomas, Springfield, Il, 59, 139pp, $5). JJ Wolken shows how the 
structural basis of chloroplasts relates to their function in photosynthesis 
(Amer Sci 47/202/59). 


NOVEMBER, 1959 

Clinical: JJ Bunim edits symposium on anti-inflammatory steroids from corti- 
sone to dexamethasone (Ann NY Acad Sci 82/797-1014/59). JH Foulger dis- 
cusses Chemicals. Drugs & Health (CC Thomas, Springfield, Ill. 59, 120 pp. 
$4.25). IN Kugelmass surveys Biochemistry of Blood in Health & Disease 
(ibid, 554 pp. $16). FJJ Letemendia & AD Harris note influence of side- 
effects in reporting observations in double-blind studies (Psychopharmacology 
1/39/59). W Lochner & E Witzleb edit Herzinsuffizienz und Digitaliswir- 
kungen (Springer. W Berlin. 59, 165pp, DM 42). M Schou notes value of 
lithium salts orally in manic conditions with caution against renal injury 
(Psychopharmacology 1/65/59). M Sidman reviews behavioral pharmacology 
(ibid 1/1/59). AC Smith & JMD Spalding note physiological factors in inter- 
mittent positive pressure respiration for paralyzed patients (Proc Roy Soc 
Med 52/661/59). S Zamenhof describes The Chemistry of Heredity (CC 
Thomas, Springfield, Il], 1959, 120 pp, $4.25) 


Pre-clinical: J Axelrod & MJ Laroche note pyrogallol inhibits methylation of 
epinephrine (Science 130/800/Sept 25/59). RE Billingham describes reactions 
of grafts against their hosts (ibid p 947/Oct 16/59). WEL Clark considers 
crucial evidence for human evolution (Amer Sci 47/299/59). D Feldman & 
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WW Waino report on mammalian cytochrome b (Science 130/796/Sept 
95/59). D Ingle well reviews status of adrenocortical research (Amer Sci 
47/413/59). C Lamanna discusses the most potent poison, botulinus toxin 
(Science 130/763/Sept 25/59). A Poulos & staff give fine review of anti- 
cancer drugs & raise questions (Chem Eng News Oct 12/59, pp33—71). IE 
Tanin discusses Cerenkov effect (singing electrons) where particles in certain 
media may travel faster than light (Amer Sci 47/169/59). G Wald shows 
how life depends on a narrow band of the electromagnetic spectrum (Sci 
Amer 201/4/92/Oct/59). GEW Wolstenholme & M O’Connor edit new Ciba 
Foundation Studies: (1) Pain & Itch: Nervous Mechanisms. in honor of Y 
Zotterman; (2) Steric Course of Microbiological Reactions. in honor of V 
Prelog (Little Brown, Boston, 1959, 120 pp, $2.5). S Wright notes unifying 
influence of genetics in biology (Science 130/959/Oct 16/59). 


General & Historical: Lord Cohen of Birkenhead gives worthy appreciation 
of Richard Caton (1842-1926) pioneer electrophysiologist (Proc Roy Soc Med 
52/645/59). WSC Copeman describes medical education in Tudor times (ibid 
p 652). AC Crombie describes attempts of Rene Descartes (1596-1650) to 
bring all nature under mathematical principles (Sci Amer 201/4/160/Oct/- 
59). JT Edsall well eulogizes JP Greenstein (1902-1959) great cancer chem- 
ist (Science 130/83/July 10/59). VE Frankl shows by learning oneself one 
may go From Death-camp to Existentialism, noting that one who has a “why” 
to live can put up with any “how” (Beacon Hill Press. Boston, 1959, IIIpp. 
$3). PAM Gross notes body ritual among the Naurema (New Eng J Med 
261/757/Oct 8/59). S Jarcho has fun with medical hoaxes (Bull Hist Med 
33/342/59). SM Jourard describes significance of self-disclosure in molding a 
healthy personality (Metal HYG 43/499/59). JA King pleasantly describes 
remarkable social behavior of prairie dogs (Sci Amer 201/4/128/Oct/59). 
Our A Lande reviews quantum theory from duality to unity (Amer Sci 
47/341/59). W Laurence of NY Times tells lots in Men & Atoms (Simon & 
Schuster, NY. 59, 310p, $5). L Mumford reviews his own 1934 Technics & 
Civilization (Daedalus 88/527/59). RJ Seeger nicely reflects on scientists & 
poets (Amer Sci 47/350/59). C Singer wisely reviews histories of anatomical 
terms (Med Hist 3/1/59). JF Smithcors considers beginning of American 
veterinary medicine (Bull Hist Med 33/330/59). BW Taylor offers an histori 
cal sketch of dentistry in the US Navy (J Amer Coll Dent 26/195/1959). J 
Schubert discusses fetal irradiation & fallout. showing possible 1% increase in 
cancer deaths in a generation (Bull Atom Sci 15/253/59). K Thomas claims 
English double standard on sex affairs stems from Englishmen’s property 
valnes in possession of women (J Hist Ideas 20/195/59). R Thruelsen & J 
Kobler edit wide-ranging Adventures of the Mind (AA Knopf, New York, 
1959, 285 pp, $4.5). 


Names & Words: E DiCyan discusses drug names with wisdom & clarity 
(Month Bull DiCyan & Brown, No 87, Sept, 59). LE. Etter gives Glossary of 
Words & Phrases Used in Radiology & Nuclear Medicine (CC Thomas, 
Springfield, Ill., 59, 208pp, $5). EC Jaeger compiles A Source-Book of Bio 
logical Names & Terms (ibid, 360pp, $6). JE Schmidt offers Dictionary of 
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Medical Slang & Related Esoteric Expressions (ibid 224pp, $7). CO Wilson 
probes inconsistencies in drug names (Amer J Hosp Pharmacy 16/433/59), 


Unusual Holiday Reading: EW Allen well describes The Vanishing French- 
man: The Mysterious Disappearance of Lapérouse (CE. Tuttle Co, Rutland, 
Vermont, 1959, 315pp, $4). JM Brinnin in The Third Rose: Gertrude Stein 
& Her World does her well (Little Brown, Boston, 1959, 427pp, $6). EF 
Dolan Jr writes pleasantly on Green Universe: The Story of Alexander von 
Humboldt (Dodd, NY, 1959, 244pp, $3.5). FC Haber offers a history of ideas 
in The Age of the World: Moses to Darwin (Johns Hopkins Univ Press, Balti- 
more, Md. 1959, 303pp, $5). EJ Hughes notes seif-centering tendencies in 
USA, in America the Vincible (Doubleday, Garden City, NY, 1959, 312pp, 
$4). M Josephson tells well of Edison (McGraw-Hill, NY, 1959, 513pp, $7). 
G Mattingly covers exciting 16th Century history in The Armada (Houston- 
Mifflin, Boston, 1959, 443pp. $6). J Pfeiffer ranges from Galaxies to Man 
(Random House. New York. 1959, 234pp, $5). A Rothberg edits Anatomy of 
a Moral: The Political Essays of Milovan Djilas, Jugoslav patriot who ex- 
poses pettiness of bureacracy (Praeger, New York. 1959, 181pp, $3). Grand 
oldster thinker, Bertrand Russell, surveys Wisdom of the West (Doubleday, 
Garden City. NY, 1959, 321pp. $11). RR Simpson brings together Shakespeare 
& Medicine (E & S Livingstone, Edinburgh. 1959, 275pp, 25s). Mae West, 
in her autobiography. says Goodness Had Nothing To do With It (Prentice- 
Hall, Englewood Cliffs, New Jersey, 1959, 271pp. $4). 


Basic for Biology & Medicine: PL Altman & Co compile Handbook of Circula- 
tion from 326 reviewers giving full data on blood & circulation (WB Saunders, 
Philadelphia. 1959, 393pp. $7.5). J Brachet gives The Biochemistry of De- 
velopment (Pergamon Press, New York 22. 1959. 275pp. $10). FM Burnet 
& WM Stanley edit The Viruses: Biochemical. Biological & Biophysical 
Properties (Academic Press, NY. 1959. 3 vols, I General, 609pp $16.5; 2 Plant 
& Bacterial, 408pp. $13: 3 Animal, 428pp, $12). O Kempthorne edits Bio- 
metrical Genetics (Pergamon Press, NY. 1959, 150np. $8.5). CC Pfeiffer & 
JR Smithies edit Vol 1. International Review of Neurobiology (Academic 
Press, New York. 1959. 383pp, $10). JF Riley considers The Mast Cells (E & 
S Livingstone. Edinburgh) 1959, 192pp, 30s). HH Ussing & P Kruhoffer dis- 
cuss The Alkali Metal Ions in Biology (Springer Berlin, 1959. Vol 13 Ergan- 
zungswerk, Hn4b erp Pharmakol. 608pp. DM 128). B Wallace & T Dobzhan- 
sky analyze Radiation. Genes & Man (H Holt, New York, 1959, 205pp. $4). 


Clinical: JG Allen edits The Physiology & Treatment of Peptic Ulcer (Univ 
of Chicago Press, Chicago, Ill., 1959, 236pp. $7.5). CE Dent notes mental de- 
ficiency with argininosuccinic aciduria (Proc Roy Soc Med 52/885/59). JW 
Gofman well integrates knowledge on Coronary Heart Disease (CC Thomas, 
Sor'nefield, Ill, 1959. 374pp, $8). AL Jacobs discusses Arterial Embolism in 
the Limbs: The Clinical Problem & Its Anatomic Basis (E & S Livingstone. 
Edinburgh, 1959, 216pp, 35s). TF Leigh & HS Weens go into The Mediasti- 
num & discuss its lesions (CC Thomas, Springfield, Ill., 1959, 272pp, $8). FJJ 
Letemeonia & AD Harris note influence of side-effects in reporting of symptoms 
(Psychopharmacol 1/39/59). JS Meyer & AG Waltz suggest low fat diet in 
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cerebrovascular disorder (Neurol 9/728/59). JA Myers edits 34 special dis- 
cussions on Diseases of the Chest Including the Heart (CC Thomas, Spring 
field. Ill. 1959, 1026pp, $34.5). R Pitt-Rivers & JR Tata well survey The 
Thyroid Hormones & include chapter on thyroid diseases by WR Trotter 
Pergamon Press, New York 22, 1959, 247pp, $7.5). EJ Ross edits Clinical 
Effects of Electrolyte Disturbances (Pitman Medical Publishing Co., London, 
1959, 233pp, 20s). P Safar & MC McMahon describe Resuscitation of the 
Unconscious Victim (CC Thomas, Springfield, Ill., 1959, 94pp, $1.75). M 
Schon notes value of lithium carbonate, tabs of 300 mgm every 6hrs. in manic 
psychoses, with high sodium intake to prevent lithium toxicity (Psycho- 
pharmacol 1/65/59). K Stone gives Diagnosis in Locomotor Disorders (Ox- 
ford Univ Press, London. 1959, 232pp, 25s). NB Talbot & Co offer a syllabus 
on Metabolic Homeostasis (Harvard Univ Press, Cambridge 38, Mass., 1959. 
{33pp. $3). T Winsor makes objective approach to Peripheral Vascular Dis- 
ease (CC Thomas, 1959, 864pp, $16.5, Springfield, Ill.). LJ Witts considers 
Medical Surveys & Clinical Trials (Oxford Univ Press. London, 1959. 336pp. 
35s). B Wolstein writes about Countertransference (Grune & Stratton, New 
York 16, 1959, 190pp, $5.5). F Wuhrmann & S Niggli discuss Myocardosis 
Pathogenesis. Clinical Aspects & Therapy, with Principles of Metabolic Elec- 
trocardiography (CC Thomas, Springfield, Ill., 1959, 240pp, $10). HA Zim- 
merman edits 23 contributions on Intravascular Catheterization (ibid. 768pp. 


$17). 


Year-ends: Fascinating is PD Trevor-Roper’s account of influence of eye dis- 
ease on pictorial art (Proc Roy Soc Med 52/721/59). G Geiger prefaces cen- 
tennial tribute of John Dewey (1859-1952) great philosopher & educator 
Sat Rev Nov 21/59). 


Calling Attention To: Bulletin of Translations from Russian Medical Sciences. 
Russian Scientific Translation Program. US Dept. Health, Education & 
Welfare, National Institutes of Health, Bethesda 14, Maryland. 

V. M. Banshchikov & G. V. Stoliarov, Arteriosclerotic Psychoses, J. Nerv. 
Ment. Dis., 128: 160-168, 1959. 


T. T. Berezov, Urea Formation in Mammals, Clin. Chem., 5: 218-238, 1959. 


A. S. Dmitriev & A. M. Kochigina, The Importance of Time as a Stimulus of 
Conditioned Reflex Activity, Psychol. Bull., 56: 106-132, 1959. 

M. V. Egorov & Co., Course & Treatment of Obesity, Amer. J. Clin. Nutrition, 
7: 295-301. 1959. 

B. K. Gurevich, Cybernetics & Certain Modern Problems of the Physiology of 
the Nervous System, J. Nerv. Ment. Dis., 128: 169-178, 1959 

S. I. Kaplanski. Disorders of Amino Acid Metabolism in Protein Deficiencies 
& Their Correction, Clin. Chemistry, 5: 186-202, 1959. 

L. F. Larionov, Chemotherapy of Malignant Tumors, Ann. Intern. Med., 
50: 1122-1134, 1959. 


N. I. Nadgornaia & M. A. Vinogradskaia, Electron Microscope Studies of 
Leukocyte Extracts from Patients with Leukemia, Cancer, 12: 635-036, 
1959. 


V. I. Puzik & O. A. Uvarova, Morphology of Healing Processes in Chemo 
therapy, Amer. Rev. Tubercul. Pulm. Dis,, 79; 497-501, 1959 
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V. S. Shorin & L. E. Goldberg, The Antifungus Antibiotic Nystatin & Its 
Clinical Use, Internat. Rec., June, 1959, pp. 310-317. 


A. A. Smorodintsev & Co., Haemorrhagic Nephro-Nephritis, Pergamon Press, 
London & New York, 1959, 124 pp., $9. 


V. Trachik, Functional State of Higher Segments of the Central Nervous 
System and Adrenopituitary Activity, J. Nerv. Ment. Dis., 128: 438-449, 
1959. 

A. V. Trufanov, Folic Acid Metabolism, Amer. J. Clin. Nutrition, 7: 302- 
310, 1959. 


Note also the 805 page volume, The Central Nervous System and Human 
Behavior: Translations from the Russian Medical Literature, a com- 
pilation of 62 reports for the 1959 Macy Conference on Central Nervous 
System and Human Behavior, by the Russian Scientific Translation Pro- 
gram of the National Institutes of Health, Bethesda, Maryland. This is 
available only in mimeograph, and only in selected medical libraries, 














